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SUMMARY

This study was conducted to investigate the expected effects of

intermediate doses of radiation on the performance of military and non-

military tasks. Four groups of operational U.S. Army personnel at three

sites were administered questionnaires. The respondents estimated the

effects of 30 to 40 illness conditions (sets of symptoms) on performance

of military tasks specific to the artillery gun battery, fire direction

center (FDC), armor tank, or mounted tube-launched, optically-tracked,

wire-guided (TOW) systems. In addition, all respondents judged how the

performance of six ordinary tasks, such as climbing and lifting, would be

affected by the symptom sets, These sets were composed of symptom de-

scriptions from each of six symptom categories: (1) upper gastrointestinal

distress, (2) lower gastrointestinal distress, (3) fatigability/weakness,

(4) hypotension, (5) hematological effects, and (6) fluid loss/clectro-

lyte imbalance. These categories were selected to represent a range of

low to high severity of radiation sickness.

Preliminary analysis indicated that performauce estimates for tasks

that were specific to each crew position were highly correlated within

symptom sets. Horeover, the rank order of symptom sets in teriu of their,

expected severity of effect on task performa ces was nearly invariant

across tasks within positiot. Therefore, tasks were averaged within

their respeetive positiov for all analyses reported here.

The effect of each symptom set was assessed in tetts of (1) the

perccelt of respondents who judged that prforwantce would be unaffected

by the illntes, (2) the percetLt of respode itta who judged that perfor-

maice would reotult in incapacitati tt, kand (3) the average expected

degradation, expressed as a percetit of nortil performance. It addi -

tiOo, multiple regrression analyses were use*J to identify the relative

importance of eat t the si coMpottILtS of the symptom sets in d!ter-

wining tite expected dqree of impairmen1t.

The order of perceived severity for the symptoms and the Weltl

levels of effects were strougly COSiSteLnt Within and across types of

"I-



crews. A large percentage of respondents expected illness, even at

mild levels, to affect performance to some degree at all crew positions.

In addition, incapacitation was expected for most positions by 20 per-

cent or more of the respondents at moderate to severe illness levels.

The data on the average percent of normal performance indicated that

respondents expected a sharp decline in crewmember performance across

symptom sets and ranged between 55 and 71 percent of normal performance

for the various crew positions. The regression analyses suggested that

it is feasible to predict expected performance through knowledge of

symptom severity levels. Across crews, approximately 43 percent of the

variation in the rating was accounted for by the symptom components

used to construct illness descriptions. The symptoms associated with

fatigability/weakness and fluid loss contributed most substantially to

the expected levels of performaice.

Results regarding ordinary tasks led to similar conclusions with

respect to the expected impairments, with mean performance across symp-

toms ranging between 35 and 57 percent of normal performance. The

strongest predictors of expected perfo-manco were found to be fati-

gability/weakness and fluid loss.

I.

V
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PREFACE

This report was prepared by the Organization Research Group of
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PSR by George Anno. Albert S. Glickman was the principal investigator

and Ben B. Morgan, Jr., the coprincipal investigator for ORG.

The material presented reports the results of the questionnaires

and the procedures used in administering them to army combat crew per-

sonnol. The questionnaires were given in order to obtain crew predic-

tions on the extent to which combat task performance would be affected

by radiation sickness symptoms.

The responses to the questionnaires were gathered and preliminary

analysis was performed to provide input for a more extensive analysis of

the data required for DNA's Intermediate Dose Program (ID)P) to assess

the acute radiation effects on individual combat crewmamber performance.

The authors would like to acknowledge the assistance of the many

individuals who coittributed to tie research, We are especially grate-

ful to George Atno and Don Wilson of PSR for their time attd cotittiued

support of ideas it allI phases of the project. They wore responsible
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We would also like to express appreciation to Stepheit L. Goldberg
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iserving as DNA tehnical monitor for this subcontract projt.ct, for

making at ments to COl lect data at VortL Knlox, antd for coordittatiolt

with othor army sites. We are indebted to Thomas E. Kinney, Jr.,
Lia ison Offitter, U.S. Army Iluto Etnglneering LLiboratury. Fort Sill,

Oklahomi, and to Jan Chervenak, Acting Chief, Division of ijvaluatijoi

and Standardi4atton, U.S. Army litfantry School, Port Uelniiig, Georgia,

who were instrumental in finding respondents and in coordinating local
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with data collection at Fort Sill.
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personnel who supplied data for the study. Their contribution is quite

obviously an invaluable part of this research.



TABLE OF CONTENTS

Section Page

SUMf'ARY ......................... ....................

PREFACE ........................................ 3

LIST OF ILLUSTRATIONS ............................... 7

LIST OF TABLES .................. ....

1 ITRODUCTION .. ......................... ' " ...... . 13

2 METHOD ....................... 16
Respondents .... 16
Artillery (155 .a SP howitzer) gun crew .......... 17
FDC 17
Armor (tank crew) ... 18Akitiarmor (mxtned TrOW) ........... "..

Survey instruments,99* 9SS*94**~~9999 19
Symptow complexes "9"t19
Tasks .........

Procedure ..... 4....... ...9 .......6.6..6 - 7a
'Revisits -S" " 9'" 24

-3 AALYSES AND RESULTS . . ,.... ,. .. .. 25
Caleolatioo of' expected dceeuvt measures...... - 25

Pe~ent: of reapoltes in unaffected and itcapaci-
tated Categories* 25

Prenot of -normnul purfortite .... 26
Ric 0p1use cousistecy " 2-
Rusults of LtixPected effects of uymptum on perforo-

aucu dogradatiou .................. ,..,4,9,,,.,, 29
4, - Artillery gutn trew . . . .... ....... .32

"i3 T.................. .... .... . 37
Tank v . ...... 0
louuitcd 1OV cireg * ........ 9 ....99 .949.. - 43

Ordittarytask autlyib ..................... .. , 46
-Sel(-cnfidcnceratiog 52

4 DISCUSSION AND CONCLUSIONS ............. 53

-~um u -RiLl*CS et4..4949....4 s9......w~ 83

5



TABLE OF CONTENTS (concluded)

Section Page

APPENDIX

A SAMPLE QUESTIONNAIRE ............ *................... 85

B SYMPTOM' DESCRIPTIONS.... .. ................... .......... ... . .. 97

C RESULTS OF FOLLOW-UP QUESTIONNAIRE ....................... 103

- ~D TASK AN~ALYSES RESULTS ................ q.....*.es 119

E ANALYSIS OF CONFIDENCE RATINGS ................. .... 145

A6



LIST OF ILLUSTRATIONS

Figure Page

I Description of symptom complex 334231 and sample page
from TOW crew questionnaire ........................ 20

2 Mean percent of normal performance for crews as function
of perceived symptom complex severity across all crews . 31

3 Mean percent of respondents who estimated task performance
incapacitation for artillery gun crew positions as
function of perceived symptom complex severity across
all crews ......... ...... . ........ 00. 34

4 Mean percent of normal performance for artillery gun crew
positions as function of perceived symptom complex
severity across all crews ............ ..... 35

5 Mean percent of respondents who estimated task performance

iocapacitation for FAG crew positions as function of
perceived symptow complex severity across all crews.... 38

6 Meart percent of normal performance for FIX: crow positions
as functton of perceived symptom complex severityacross all Lrews 39

7 Wata percent of respotdevts who estimared task pertuv
incapatitationt for tank crew positions as fkiwntion of-
perceived symptom complex severity across all crews ,.. .4

8 Nean porttLnit of tormal p oruce for tank crew positio 's
4as tuncioi of L. ceived syptZOm comPlex severity

across all cirevs" ..... 42

9 Mean poeent of respondets %who vbstimated- tank performanee
tcapacitat ion for mutited TOW icrew ;usitoiuts as rlne-
tion tit perceived symptom complex severity acrtoss
tsks.. ...... 45

10 HWan pereet of norwil perfonrfttie for mounted TOU crow
positions as £uj~cston of perceived sytaptom complex
severity across all crews ......... ............... . 47

11 Hoan prcent of respondets 1,o estimated task perforwaice
iiiapaitatoit for six ordinary taisks a-s function (if
percuived symptom complex severity across all Crews .... 49

12-. Man pertent of ;ruial performiame for six ordinary tasks
as function of perceived symptom complex severity
across tasks .................................. 4....... 51

7



LIST OF TABLES

Table Page

1 Length of time in army and specialty area for
respondents in four crews ............................ 57

2 Military pay grade for respondents in four crews ....... 57

3 Length of time in positions for respondents in four
crews .............ss...... so .... s..*.. ... .........*. 58

4 Combat experience for respondents in four crews ........ 58

5 Supervisory experience for respondents in four crews *.. 59

6 Normal referent times for task completioo as stated
on questionnaires ............. *.............. 60

7 I.aertask consistency averaged across symptoms for
positions within four crews ...................... 61

8 Hear percent of norwl performance for artillery gun
crew positiou* 62

Hoko percent of normal performance forVDUC positions .. 63

10 eo. percenm oy normil performance for tank crew 64.•

1. jo pt, ,rcen of normal ptriortame- 'for mounted ThW
crew po4itiow11is 0o *.. t*0 0Vso.*t900.t.tt*0.f* 65

12 Order of tsymptom comjtex severilty acrouts pos itixnst for
four rews ............................... .. ... 66

13 RPank order consisteney oi syeptmos across fo ur crews ... 67

14 Sumoury of average t'xport%!d effcts- rvross 30 symptom
oples o artillery gut row tasks .............. 8

15 Sum.mry of avieVaep OiXpOtttd eff ets ; .ro 30 sympto
coplcxes on 11M2 crew tasks ............ ................68

16 Suamiry of avragt c.UjItced ,('fats act'vsN 30 iqlywp
'owplee*. s on tank orw tasks .............. .. 69

17 Suzfary of tverage exp orted efiects ajcros 30 sywptom
eoplexes for wutontk TOW tasks ...................... 69



LIST OF TABLES (continued)

Table Page

18 Mean percent of normal performance for combined crew ... 70

19 Summary of multiple regression analysis of symptoms on
combined crew performance ............................ 71

20 Mean percent of responses in no effect and cannot do
categories for artillery gun crew positions .......... 72

21 Summary of multiple regression analysis for artillery
gun crew positions ................................... 73

22 Mean percent of responses in no effect and cannot do
categories for FDC positions ......................... 74

23 Summary of multiple regression analysis for FDC
positions ........................................................ 75

24 Mean percent of responses in no effect and cannot do
categories for tank crew positions ................... 76

25 Summary of multiple regression analysis for tank crew
positions ......................*.... ... * 0..... . . 77

26 Mean percent of responses in no effect and cannot do
categories for mounted TOW crew positions ............ 78

27 Summary of multiple regression analysis for mounted
TOW positions ................... . .... 79

28 Mean percent of responses in no effect and cannot do
categories for ordinary tasks ........................ 80

29 Mean percent of normal performance for ordinary
tasks .................................. 81

30 Summary of multiple regression analysis for six ordinary
tasks ............ .............. ....................... 82

B.1 Symptoms in order of severity used on questionnaire .... 98

B.2 List of symptom complexes used on questionnaires ....... 99

C.1 Results of responses to revisit questionnaire for
four crews ............. ... . . . ..................... 105

C.2 Percent of responses in serious effet: category for
military tasks on artillery gun crew revisit ques-
tionnaire (6 respondents) . ............ 107

9



LIST OF TABLES (continued)

Table Page

C.3 Percent of responses in serious effect category for
military tasks on FDC revisit questionnaire
(10 respondents) ..................................... 108

C.4 Percent of responses in serious effect category for
military tasks on tank crew revisit questionnaire
(27 respondents) ...................................... 109

C.5 Percent of responses in serious effect category for
military tasks on TOW crew revisit questionnaire
(40 respondents) ..................................... 110

C.6 Percent of responses in negligible effect category for

military tasks on artillery gun crew revisit ques-
tionnaire (6 respondents) .......................... 112

C.7 Percent of responses in negligible effect category for
military tasks on FDC revisit questionnaire
(10 respondents) .. .................................. 113

C.8 Percent of responses in negligible effect category for
military tasks on tank crew revisit questionnaire
(27 respondents) ..................................... 114

C,9 Percent of responses in negligible effect category for
military tasks on TOW crew revisit questionnaire
(40 respondents) 115

C.10 Percent of responses in serious effect category for

ordinary tasks on revisit questionnaire
(43 respondents) .7...... 1

C.11 Percent of responses in negligible effect category
for ordinary tasks on revisit questionnaire
(43 respondetits) .. . . . . . . . . . . . . . . . . . Ila

D.1 Percenu- of responses in no effect tand cannot do
categories (or tasks ot artillery gun crew
questionnaire ..................... 120

U.2 Mean percent of norrml performance for tasks oi
artillery gun crew questionnaire ................... 122

D.3 Percent of responses it no effet and cainot do
categories for tasks on V1X questionnaire ............ 124

D.4 Mean percent of norwal performanct- for tasks on FUC
quest ionnaire ....................................... 125

.10



LIST OF TABLES (concluded)

Table Page

D.5 Percent of responses in no effect and cannot do
categories for tasks on tank crew questionnaire .... 126

D.6 Mean percent of normal performance for tasks on tank
crew questionnaire ........................... 128

D.7 Percent of responses in no effect and cannot do
categories for tasks on TOW crew questionnaire ..... .130

D.8 Mean percent of normal performance for tasks on TOW
crew questionnaire ..................... '131

D.9 Percent of responses in no effect and cannot do
categories for tasks on artillery gun crew
questionnaire .... ......... .................. 132

D.10 Mean percent of normal performance for tasks on
artillery gun crew questionnaire 4 ........ 0. .. 6 134

D.11 Percent of responses in no effect and cannot do
categories for tasks on FDC questionnaire .......... 136

D.12 Mean percent of normal performance for tasks on
FDC questionnaire .................................. 137

D.13 Percent of responses in no effect and cannot do
categories for tasks on tank crew questionnaire .... 138

D.14 Mean percent of normal performance for tasks on
tank crew questionnaire ............. 140

D.15 Percent of responses in no effect and cannot do
categories for tasks on TOW crew questionnaire ..... 142

D.16 Mean percent of mormal performance for tasks on
TOW crew questionnaire ......................... 143

U.1 Distribution of responses to confidence levels
I ttrough 5 across 30 symptom sete for four crews .. 145

E.2 Distribution of respoitses to confidetice levels
1 through 5 as function of perceived severity
of symptom sets across crews ....................... 147

3 11



12



SECTION 1

INTRODUCTION

The threat of nuclear conflict makes it imperative that the

effects of radiation exposure upon human performance of military tasks

are estimated as accurately as possible and that an adequate groundwork

is established for developing concepts and doctrine that will deal

most effectively with that threat. Toward this end, the Defense Nuclear

Agency (DNA) has initiated a program to assess the current state of

knowledge concerning the effects of nuclear radiation, The primary

objectives of this program are (1) to first revise the available infor-

mation concerning the physical, physiological, psychological, and per-

formance effects of nuclear radiation, (2) to use portions of this

information to estimate the nature and degree of functional impairment

of specific task performance in military personnel who experience

symptoms of illness that might be produced by different amounts of

battlefield radiation at various time intervals after exposure, es-

pecially involving radiation doses that are less than totally incapac-:

itating, and (3) to use these estimates to simulate, through the use of

mathematical modeling techniques, the degrading effects of nuclear

combat scenarios on the operational effectiveness of various types of

military units. The ultimate goal of this effort is to provide a basis

for projecting the probable decrements in combat effectiveness of mili-

tary units as functions of the levels of radiation and time since expo-

sure. In turn, these projections may be useful in planning the target-

ing and defensive assignments of units required to engage in nuclear

battle.

The focus of DNA's Intermediate Dose Program (IDP) has been to

review the effects of exposure to radiation in the range of greatest

uncertainty; namely, from approximately 75 to 4500 rads, free-in-air

dose exposure. This effort, conducted primarily by the Pacific-Sierra

Research Corporation (PSR), with funding support by DNA, has already

provided a great deal of information based on case studies of patients

13



who received radiation therapy and of accidental exposure victims,

documentation of results of atomic bombings of Japan, and recently

collected data from the medical and radiobiological communities. Those

data have established a relatively clear picture of the symptomatologic

characteristics associated with exposure to various doses of radiation

over time. The relationship between radiation dose and the nature and

extent of resulting physical and physiological symptomatology is now

fairly well understood.

However, the relationship between humans suffering from radiation

sickness and their physical and mental performance remains largely specu-

lative. Morgan and Cruser [1982] in their review of the literature, were

able to find only three studies that directly dealt with the performance

effects of irradiation. Furthermore, Anno, Brode, and Washton-Brown

[1982] reported that data are not yet available that will permit opera-

tional planners to estimate the potential impairment of various types of

military units who are exposed to battlefield irradiation in combat.

Results from the few existing studies of performance effects of irradia-

tion must be interpreted with extreme caution because of the small number

of subjects studied; mainly, patients who received radiation therapy for

terminal illness. Generalization of these studies is further limited by

the fact that only specific types of performances were measured and only.

a restricted range of radiation doses were used [Morgan and Cruser,

1982]. Thus, the current sources of data provide little inforvation

about the potential effects of radiation upon healthy individuals and

are of essentially no value in establishing relationships between irra-

diation levels and combat effectiveness potential of troops in the field.

Owing to this lack of relevant information, and the fact that

applicable combat data cannot be obtained directly through experimenta-

tion, the IDP has sought to develop indirect ways of obtaining esti-

mates of the effects of radiation on combat performance. Specificaily,

in the work reported here, an effort was made to derive estimates of

effects upon performance from judgments made by operational military

personnel. Experienced soldiers from artillery, armor, and infantry

units were asked to indicate how much they would expect different sets

14



of physical symptoms, induced by exposure to radiation, to degrade

performance of a sample of operational tasks. Specific reference to

radiation was not made on the actual questionnaire; however, the sur-

vey administration made verbal reference to radiation symptoms in the

introductory talk.

The principal method used was a survey questionnaire developed by
U *

PSR and approved by the IDP Core Group. Performance estimates were

obtained from selected U.S. Army combat team members in the tank, anti-

armor, artillery (howitzer), and fire direction center (FDC) occupational

specialties. Presented with a set of interdependent tasks that were

considered to be critical to the accomplishment of the combat mission,

team members were asked to predict the amount of time that would be re-

quired to perform each of the tasks when afflicted with each of 30 to 40

concisely described sets of radiation illness symptoms. A normal time,

typical of a healthy soldier, was provided as a referent in each instance.

The survey was designed to provide estimates of expected operational

performance degradations for each task and team member in the combat crew

for each specified set of symptoms characteristic of a prompt dose level

and time following exposure.

It was anticipated that data from this survey would yield reliable

differences in performance estimates as a function of increasing symptom

severity. It was also expected that the estimates of effects would

differ for different tasks, team embers, and crews. The resulLs were

to be used as inputs for a mathematical model to be constructed by PSR

to predict the degradation of combat unit performance over time and under

varying levels of radiation.

Tit 11 Core Group is a multidisciplinary resource panel that 111oas

periodically to review, provide expert advice, and suggest future direc-
tions for IDP research projects.



SECTION 2

METHOD

Four types of U.S. Army combat teams were selected for this research.

They were artillery (155 mm SP howitzer) gun crews, FDC crews, M60A3

tank crews, and antiarmor mounted TOW crews. These combat units were

composed of crewmen who performed specific interrelated tasks necessary

to complete the operational mission of the team. The FDC team has three

crewmen, and the other teams have four members. The choice of these

particular army specialties was made because task performance most cru-

cial to the success of their combat missions requires little directly

observable time, and the performance of these types of teams are both

critical to and typical of general army combat performance.

RESPONDENTS

A total of 161 army noncommissioned officers (NC0s) were adinis-

tered survey questionnaires in the course of this research. However,

data from only 125 of these individuals were included in the analyses

reported here. The data from the 16 respondents were not included

because they had lower pay grades (E-3 and below), had served for less

than 12 months in their technical specialty, or had little or no super-

visory experience. They were withdrawi from study in order to ensure

that the analyzed responses were from soldiers who were well qualified

to uwke judgments about the perforance of tasks iu their specialties.

In addition, the data from eight respondents were not used because they

exhibited ambiguous or uninterpretable response patterns. In all in-

stances, the NCOs who completed the survey questionnaires wero made

available by their respective unit commands at tio request of a planiug/

liaison person at cacti of cthe survey site&.

Tito career demogt'aphic characteristics of tile four groups of re-

spondents are presented in Tables I through 5: Tit average number of

years in service (Table 1), the percentage of respondents ill each pay
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grade (Table 2), the average experience in specific crew positions

(Table 3), combat experience (Table 4), and supervisory experience

(Table 5). As these tables indicate, the tank and TOW crew respondents

could be characterized as having had longer time in service, more expe-

rience in their specialty, higher achieved pay grades, and longer super-

visory experience than the other groups. Appropriate reference should

be made to these tables when reading the descriptions of the four re-

spondent groups given below. (All tables in this report follow the

text: see p. 57.)

Artillery (155 mm SP Howitzer) Gun Crew

This group was originally represented by 29 NCOs; however, data

from eight of the respondents could not be used. The 21 respondents who

were retained for data analysis consisted of NCOs in pay grades E-5

through E-7 with a mean of 7.55 years in service and 5.75 years in their

specialty. Four individuals reported having combat experience, two with

experience in artillery combat. The crew respondent reports of job

experience in the four positions of the artillery crews showed an aver-

age of 2.43 years as chief of section, 0.87 years as gunner, 0.58 years

as assistant gunner, and 0.46 years as loader. Nine personnel (42.7

percent) reported having served in all four positions; 21 (100 percent)

reported having served as chief of section; and 1? (95.2 percent),

15 (71.4 perceut), and 12 (57.1 percent) had experience as gunner,

assistant gunner, and loader, respectively.

FDC

Thirty-three NCOs in pay grades L-4 through E-7 initially took the

survey. Of these, 10 crew respotdent questionnaires could not be used

for reasons stated above. The tuean times in service and in specialty

for this group of 23 cremen were 5.16 and 4.54 years, respectively.

Ttiree of these personnel reported previous combat experience, but none

in their specialty.
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This crew is composed of three positions--the fire direction officer

(FDO), horizontal control operator (HCO), and computer. Commissioned

,officers serve as FDs. Our demographic data were obtained only from

NCOs; hence no FDO entries appear, although the NCOs were asked to pro-

vide performance estimates for the FDO. Fourteen respondents (61 per-

cent) reported having served as both UCO and computer; whereas, 18

(78 percent) reported having experience as HCO and 20 (87 percent) as

computer. The mean times served in HCO and computer positions were

0.97 and 1.95 years, respectively.

Armor (Tank Crew)

This group was composed of 40 NCOs in pay grades E-6 and E-7, all

who met the criteria for inclusion in data analysis. The mean time

in service and time in armor specialty was 10.08 and 9.25 years, respec-
tively. Seven of these individuals had combat experience, but only one

had engaged in armor combat.

Sixteen crew respondents (40 percent) reported having served in all

four positions in the tank crew at some time during their army service.

Furthermore, all personnel reported having previously served as tank

commander, 33 (82.5 percent) as gunner, 22 (55 percent) as loader, and

22 (55 percent) as driver. Job experience within the four crew positions

ranged from 2 to 11 years. At the time of survey administration, the

majority of armor crew respondents were serving as tank platoon, company,

or section sergeants. Others were assigned as drill sergeants, basic.

or advanced technical course instructors, or systems maittenance officers.

Three were U.S. Harine Corps (USMC) personnel engaged in cross-specialty
training.

Antiarmor (Mounted TOW)

Forty-one individuals of this group were surveyed, and all their

responses were retained for analysis. Their pay grades were E-6 and E-7,

The crewmember performting calculatious with a hand-held calculator
is roferred to as Lite "compUter."
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and the mean time in service and in specialty was 11.27 and 7.00 years,

respectively. Sixteen personnel reported .having combat experience,

with three having experience in antiarmor. A mean of 3.33 years had

been served as squad leader, 0.49 years as gunner, 0.27 years as loader,

and 0.25 years as driver. Nine respondents (22 percent) reported having

served in all four crew positions at some time during their antiarmor

experience. Furthermore, 39 (95 percent) reported having experience as

squad leader, 23 (56 percent) as gunner, 12 (27 percent) as loader, and

10 (24 percent) as driver.

SURVEY INSTRUMENTS

Four questionnaires, one for each team, were used to collect the

data. Each questionnaire consisted of (1) a demographic information

section, (2) introductory pages that provided instructions about the

types of tasks to be rated, and examples of the rating format, and es-

tablished a combat scenario, (3) a sample response sheet, and (4) 30 to

40 symptom complex task performance sheets. A complete example of a

questionnaire is given in Appendix A. Each symptom complex page con-

tained a description of a set of sickness (radiation) symptoms followed

by a list of selected military tasks performed by each crewmember on

the specific team being studie.d. Figure I describes symptom complex

334231 given on a page from one of the four questionnaires administered

to the TOW crew.

Symptom Complexes

Symptom complexes consisted of descriptions of radiation sickness

syndromes tuade up of six spom couipottauns of different levels of se-

verity. These six symptom components were (1) upper gastrointeSLidli

distress, (2) lower gastrointestinal distress, (3) fatigibiliry/eaktess,

(4) hypotension (and associated symptoms), (5) hematological (infection

and bleeding), and (6) a group of symptoms associated with fluid loss

and electrolyte imbalance. Lach Of the six sy ptom components contained

Live specific symptom levels of severity. Descriptions of the symptom

Scoplexes were formed by selecting one symptom description (representing
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SYMPTOM COMPLEX 334231
Nauseated; considerable sweating; swallows frequently to avoid vomiting;
occasional diarrhea and cramps, deftcated several times and will again
soon; very tired and weak; slightly light-headed; joints ache, consider-
able sweating; moderate fever; does not want to eat; sores in mouth/throat.

CREW TASKS

How long do you think it would
take a crewman to do each teak

The usual if he had these symptoam:
time for

TASKS each task Amount Could not
is about: No increase of time do it

CRE'Id4MUER in time (see) at all

SQUAD LEABER

Designate azimuth and 4
target
Comand driver to 2

firing position

GUNNER
Set auperelevation, erect,
slew 170 to 10 dog 17 sac
ezimuth

Adjust magnIfication,
acquire targets. 7 sec
identify, aro, and five

From standstill, drive
forvrd 60 ft and s0op

101.04d60 fe4Z

flearrangs woody reck taq

* - 'ksnget ?rektq Aecuracy

xmato kk#t e w fhit oftyoA~ on target ductog 0A last 0 6e at

#liht (juwkI l C o I) ... .

VM1LII AS"S
clilkl kw #kghts of i lift

Life fivo Weavy tWAMI
of 64 'ue i he
floort@. 1 (t lifth

1. *WV %iny flithty of otoitis ?OIj 4 et e ~t"~ il

4 .V V g k K y b a o t CI. ~ d c a si n b a a e h l A 1 1 4 4 0 g Ri
04tt bvtat his lioe 04 tiai -1Iieia04

3, Slon wany Reavy Ica.a uuiil a cte'&, k., lutistl-

iroow Che (iar to a (alt)* b ae 4 ow Id have .to*to 4 r tll ta~
1W stag sad ll Iat? tcs tww o 4B~A, i Uc, to ". i1 take a lo. . A ,-I sloamq ihlgtlla Iak? . cosde

I I ',1 ' ' 1

Figure I. Description of symptaii coinplex 334231 and siuple
page fro TOWl crew questiomai re.
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some specific symptom severity level) from each of the six symptom

components. For example, in Fig. 1, the symptom complex described is

given the number 334231, which combines severity level 3 of upper gastro-

intestinal distress, level 3 of lower gastrointestinal distress, level 4

of fatigability/weakness, level 3 of hypotension, level 3 of infection

and bleeding, and level 1 of fluid loss category. Appendix B contains

the set of symptom categories and descriptions for each symptom compo-

nent from which symptom complex descriptions were formed.

A set of 30 symptom complexes was selected from 15,625 possible

combinations of the five levels of the six symptom components as the

outcome of several planning and pilot testing sessions held in concert

with PSR staff during the period from September to Oetober 1982 at the

test sites, and consultations with the IDP Core Group. These symptom

sets were considered to be representative of the range of severity

levels of radiation sickness, and the particular symptom combinations

could be associated with specific radiation doses and times after Oxpo-

sure, These 30 symptom complexes were used in all questionnaires. In

addition, questionnaires given to TOW respondents had ten other symptoms

.relovant to PSR for. study because of their liuk to important dose and

time points. Appendix 11 lists the 40 symptom complexes and theirde-.

sriptions used in tile study.

Tlhe order of preseitation of the origiiial 30 syptom complexes Uas

the same for all except one -uhgroup of five subjects. The order was

determined by deriving ten sets of three symptom complexes So that each
Set eo-taitted a relatively mild, wMerte, and severe cplex. The order

of p'esentation for each of thes tell ets was then ratodowled iti the

survey questionnaire. This same randow order was.used for all subjects
4 eXCept for five VOC pttsuitnel wito' were giveit th*e que stiowliaire wheh the

researchers revisited. Fort Sill in February 1983. The purpose of. usifig

a different order during.that administration was to enable a test of

potential order effects, but the -wall site of the group available at

LlIt time precluded this test. The aodditionial toa symptoms used for

TOW rezfpondeits were presisited -ill a randm order following tie 30 stanl-

dard syMptoWS.
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Tasks

Below the symptom description on each response sheet was a list of

the key military tasks performed by each crewmember. The tasks were the

same within each crew but differed between crews. For each task a normal

time was listed to provide a standard point of reference--i.e., the time

required for completion of the task under normal (symptomless) conditions.

These normal times were derived from field observation, technical opera-

tions manuals, and expert judgment. The respondents were instructed to

refer to the normal time and make a judgment concerning the potential

effect of each symptom complex on the performance of each task. Specifi-

cally, they were given response alternatives to indicate their belief

that either (I) no change would occur in the time required for task com-

pletion, (2) the task could not be accomplished at all, or (3) the task

would take longer than usual to accomplish. In the third instance.

respondents were asked to give their best estimate of how long it would

take for a crewman with tlie symptoms shown at the top of the page (see
Fitas to iopte the task. Table 6 lists the Lasks and referent times

for each crew.

lt addition to timc-referencW tasks, questionnaires givei to the

mounited lOw crew itlvuded the question "Estimate the ehallee o1 staying

oil taget during tie last 6 sec of flight." Sittce the-anftitank weap n

is optically guideJ, this questioti wan considered to b a valid measutre

of operational perforaiee.

Si. ordinary, or itnoilitary, tasks were also presented (atee

ig.' 1). Reforeit tizes were Presented t- two of these tasks, which

required reswples similar to the ilitary tasks. Tihe revailling four

ordioury tasks did not list a normal referent time and retquired openi-

euddd respouses of. s;ymptom efects, .althuugki the rs pondents were asked

to supply all estimate of. their. owni referent times tor ee'l of the four

tasks at the beginitng of the queutiunnaire. Filially, for each sytomtU

cumplex, resptW.ents rated their eoofidence it the responges tade on

etach page for aeh symptoum complex, based on a five-poilt seale.
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PROCEDURE

Four army training sites were visited during the period of November

1982 through February 1983 for questionnaire administration. Artillery

gun and FDC crews were met at Fort Sill (8 to 10 November 1982 and 3 to

4 February 1983), armor tank crews at Fort Knox (12 November 1982), and

antitank crews at Fort Benning (13 January 1983). The questionnaire

was administered to groups of 4 to 44 individuals, depending on avail-
ability of personnel at each survey site. Training classrooms and con-

ference rooms were used for survey administration. Each session included

a formal briefing followed by questionnaire administration, which was

approximately 2.5 hr in duration.

Each session began with the introduction of the questionnaire admin-

istrator, followed by a 20-min-long formal presentation discussing the

purpose of the questionnaire and its potential usefulness, as well as

giving assurance of the confidentiality of responses. After this, the

instructions contained in the questionnaires were read aloud by the

administrator and the respondents were instructed to first complete the

demographic data page.

Then, a mission statement and combat scenario was presented for

each crew. This statement specified that the crew, who were all con-

sidered to be well trained, experienced in combat, motivated, and well

led, had been exposed to radiation from a low-yield nuclear weapon

without mission-oriented protection posture (MOPP) gear. It further

specified that crewmembers were beginning to experience the symptoms

listed at the top of each response sheet, and that the crew was now

required to proceed with its stated combat mission.

Following this specific scenario presentation, the sample response

page was explained on a task-by-task basis by the administrator, who

emphasized the need for quality responses, being careful to make sure

that the respondents understood the nature of the symptoms aud responses

required of them.
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Revisits

Subsequent visits were made to each test site during January and

February 1983. These follow-up visits provided the opportunity for

obtaining additional information from each group of respondents (see

Appendix C).
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SECTION 3

ANALYSES AND RESULTS

The analyses of the questionnaires focused on determining the degree

of impaired task performance attributed to the various symptom complexes

described. For each questionnaire, four general questions were addressed.

7hese questions were:

1. For each symptom complex, what percent of respondents reported

that task performance would (a) not be affected (no increase

in time of completion), (b) be degraded (time to complete the

task increased), and (c) not be performed at all (incapacitated).

2. For each symptom complex, what were the average performance

times?

3. What degree of individual response consistency across symptoms

for task, positions, and crews was evidenced?

4. What were the self-confidence ratings of individuals for their

questionnaire responses (based on a five-point scale)?

CALCULATION OF EXPECIED DECREMENT MEASURES

Three meacures were calculated from the data in order to infer the

expected degradation by symptom effects: (1) the percent of responses

in the unaffected category, (2) the percent of responses in the inca-

pacitated category, and (3) the percent of responses in the degraded

performance category. The first two measures were based on the frequen-

cies of responses in the no effect and cannot do categories, respectively.

The third measure was calculated from all responses (including the re-

spouses from the no effect and cannot do categories) and used the refer-

ent or normal time, or other values as its basis.

Percent of Responses in Unaffected and Incapacitated Categories

The first two measures reflect the frequencies of response to esti-

mating performance at the extremes of the continuum. For the military
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tasks, and the two ordinary tasks with the three-category response for-

mat, the percent of responses in the unaffected category was determined

by dividing the number of checks in the no effect category by the total

number of responses across all three categories.

In calculating these effects for team positions, all of the re-

sponses of a given respondent for all tasks within a position were re-

quired to be in the no effect category and classified as unaffected.

Whereas, the percent of responses in the incapacitated category was

calculated by dividing the number of responses in the cannot do category

by the total number of responses.

For several positions, the inability to perform at least any one of

the several tasks was considered reason for classifying the crewman in

that position as incapacitated. That is, the serially dependent and

highly interrelated nature of the tasks comprising these positions would

make it impossible to function in a given position without the ability

to perform all of the several component tasks. These positions were the

gunner, assistant gunner, and loader in the artillery gun crew; the HCO

and computer in the FDC crew; and the gunner in the tank and TOW crews.

Percent of Normal Performance

The percent of normal performance provided a measure of symptom

effects that varied between 0 percent (total incapacitation) and 100

percent (normal performance). Its calculation is based on a ratio of

the normal expected time of performance to the expected performance time

under each illness condition.

As discussed previously, for each of the military tasks a normal

time for performance was given as a referent for making judgments.

All of the types of military tasks on the questionnaire, except one,

asked for a response regarding the time needed to complete the task under

the various sickness conditions. The time referents for these tasks were

noted, in units of seconds. The exception was tracking accuracy on the

TOW questionnaire, which was based on a usual referent of 90 percent

chance of tracking the TOW missile over the last 6 sec of flight. Two

of the six ordinary tasks also listed a nortml time of completion, as

above. For the other four tasks without a standard, the referent was
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determined for each respondent from his responses. To obtain the base

figures, the respondents in the TOW group and respondents in the last

round of data collection on the FDC questionnaire were asked to supply

the referent values for each of the tasks--What would be the typical

performance of a normal, healthy soldier? For the other respondents who

did not provide these data, the highest expected performance value

assigned for each task by each respondent under illness conditions was

used as the referent.

Expected degradations for all tasks were calculated by dividing the

referent value by the expected performance for each subject under each

sickness condition. These proportions were multiplied by 100 to obtain

the percentage of normal performance. When the categories of no effect

or cannot do were checked, the expected degradation was calculated as

100 and 0 percent of normal performance, respectively. As suggested by

the IDP Core Group, the obtained decrements for the military tasks were

adjusted on a task-by-task basis by dividing each individual's perfor-

mance rating by his expected performance to symptom complex 112111 (some-

what tired with a mild weakness). The rationale for this operation was

to adjust for the individual differences in estimation among respondents

by synchronizing their responses to a common point of origin. The symptom

complex 112111 was used on the assumption that healthy soldiers engaged

in a battle would normally experience symptoms of mild fatigue. For

example, if the referent time was 5 sec and the estimated time was 8 sec,

the expected performance decrement would be 62.50 percent. If the

decrement obtained for symptom complex 112111 was 75.00 percent, the

adjusted percent of normal performance would be 83.33 percent. In a few

instances, expected performances greater than 100 percent resulted from

this operation because the responses to symptom complex 112111 were

greater than the response to another symptom. When this occurred, the

ratings were coded as 100 percent. No correction was made in the ordi-

nary tasks because, for the most part, the expected effects were already

based on individually determined referents.

RESPONSE CONSISTENCY

Two analyses were conducted to test the degree of consistency among
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the tasks within each position, and consequently to determine the feasi-

bility of combining the individual task performance estimates into

'position performance estimates. To the extent that, within symptom com-

plexes, respondents order-estimated performance of the tasks of a given

position in a similar manner, analysis of positions can provide estimates

of performance that are reasonably consistent with the analysis of separate

tasks. On the other hand, if the tasks within a given position were per-

ceived to be affected differentially within symptom complexes, the task

should be considered separately.

In the first analysis, the percentages of normal performance for the

tasks within each position were correlated for each symptom complex using

internal consistency analysis procedures. Guilford [1954] computed

simple Pearson correlation coefficients for positions that consisted of

two tasks. Cronbach's alpha [Cronbach, 1951] was calculated by Guilford

for more than two tasks. These internal consistency estimates were then

averaged acroso symptom sets.

Table 7 summarizes the results of the intertask consistency z !Iyses.

The column labeled average correlation (raw) presents the internal con-

sistency estimates that were obtained for the tasks within positions, and

the averages across positions within crews. To facilitate comparisons

between the internal consistency estimates of different crew positions,

the raw average coefficients were adjusted by means of the Spearman-Brown

correction formula (Guilford, 1954], to reflect the estimated internal

consistency that would be expected with five items.

Across positions within crews, the coefficients generally wore high.

Across the four crews the mean raw coefficient was 0.79 and the adjusted

coefficient was 0.88. In two positions (FDC computer and tank loader),

the obtained and adjusted correlations appeared to be substantially lower

than for the other -positions. This suggests that the respondents may

have perceived that the level of these task performances would not covary

as much as others within illness conditions. Because the target tracking

task for the TOW gunner position only correlated 0.49 with the other two

tasks, it was not used in the position analyses reported in Table 7 or

in later sections.
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The second analysis of response consistency examined the agreement

in the rank order of expected estimates of performance across the sets

of symptoms. The relative magnitude of symptom effects across tasks

within positions suggests that there is a high degree of consistency in

the perceived order of symptom effects at the task level (see also

Appendix D). Agreement in the relative severity of symptom complexes

is also reflected in Tobles 8 through 11, which present the mean ex-

pected performance degradation for crewmembers, averaged across tasks,

affected by each symptom complex. Table 12, which lists the 30 symptom

complexes by rank order of increasing severity, computed across the

expected performance of crewmen for the four crews, also shows substan-

tial agreement.

The degree of consistency by which symptom sets were rank-ordered

(according to the mean estimate of normal performance expected at the

task position and crew level) was tested using the coefficient of con-

cordance, Kendall's W [Edwards, 19631. Table 13 summarizes the results

of these analyses. Across the tasks within each position, for each of

the four crews, the rank order of symptom sets on mean degradation was

highly consistent. The average W, 0.98, accounted for almost 97 percent

of the variance of the rank order. Similarly, across the positions

within the various crews and across crews, the rank order of symptoms

conformed highly. These results revealed that soldier respondents ex-

pected a systematic and general degradation of performance to occur,

whether or not considered at the task, position, or crew level, as well

as across crews.

RESULTS OF EXPECTED EFFECTS OF SYMPTOM ON PERFOR1ANCE DEGRADATION

It must be kept in mind that Kendall's W statistic [Kendall, 19481

is dealing with the consistency at which symptom sets are rank-ordered

with respect to the decrements induced. It does not provide a test for

the level of expected effects. For example, even though the order of

symptom sets in Table 12 is similar across crews, the absolute amount

of expected impairment might differ substantially.

Tables 14 throu-h 17 suumiarize expected mean levels of task per-

formances for each of four crews. These tables show the percent of
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'.-,-.,responses in the no effect or unaffected category, the percent of re-

.sponses in the cannot do or incapacitated category, and average estimated

: performance decrement (percent of normal performance, 100 percent) for

each task performed by each crew. These data, and the more specific

.,breakdown of the task and symptom means given in Appendix D, indicated

-that respondents expected some differences in task performance for the

different positions. However, the results of the two consistency analy-

'- ses indicated that within and across symptom complexes the estimates for

tasks in each position, with the exception of the tracking task, were

* $ nternally consistent. Therefore, this section will focus on the results

of analyses conducted across the four crews, and across positions within

crews, based on the three measures of expected degradation discussed

previously.

Table 18 presents the mean percent of normal performance for com-

bined crew performance across the 30 symptom sets common to all crews,

-in order of increasing severity for all crews. Means used in Table 18

were computed by averaging across all positions rated. The means are

also depicted in Fig. 2 for ease of comparison among crews.

As shown in Fig. 2, the average crew performance generally dis-

played a similar degree of degradation across symptom complexes. Ex-

cept for symptom complex 112111, which was used as a control point of

origin (100 percent) for these analyses, the mean performance across

crews varied between 93.55 and 22.15 percent of normal performance for

the symptom complexes perceived as least (113111) and most (415314)

severe. The performance of the FDC was estimated to be somewhat less

affected at moderate and severe symptom intensity levels than the other

three crews, which consistently overlapped across the sets of symptoms

used.

Analysis of the locus of the perceived effects was conducted by

regressing mean performance on the integer levels of the six compon'rits

of the symptom sets, as indicated by the six-digit symptom number.

Table 19 summarizes the multiple regression analysis conducted on the

combined crew performance across the four crews. Respondent group

(type of system) was regressed on the dependent variable first, hier-

archically, followed by stepwise inclusion of the six symptom categories.
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As shown in Table 19, all of the predictors added significantly to the

results. Fluid loss provided the heaviest weight in the final solution

= -0.299), followed, in order of their contributions, by fatigability/

weakness, upper gastrointestinal distress, lower gastrointestinal dis-

tress, infection and bleeding, and hypotension symptoms. The final

equation accounted for approximately 43 percent of the variance in com-

bined crew performance, with a standard error of prediction of 23.89.

The standard error can be interpreted as the standard deviation of the

dependent variable around the line of best fit. Specifically, it indi-

cates that the expected range of performance is ±23.89 percent of the

predicted value for approximately 66 percent of crews. Although the

standard error appears to be somewhat high, it is important to note

that this solution was based on 30 of the possible combinations of

symptom complexes, and a considerably restricted range of predictor

values in all except the lower gastrointestinal distress and fatig-

ability/weakness symptom categories. A more representative sampling

within symptom dimensions and across the full range of possible symp-

tom sets would presumably result in a higher multiple correlation and

in less error of prediction.

Artillery Gun Crew

The main findings concerning the artillery gun crew are suUmarized

in Tables 20 and 21. For each set of symptoms, Table 20 lists the per-

cent of respondejiLs who judged that performance would be unaffected and

the percent who said that the crewrnember would be incapacitated. Aver-

aged across all symptoms, the range of responses in the no effect cate-

gory was between 17.3 and 35.4 percent for all crews.

The chief of section, gunner, and assistant guiner positions were

similarly affected; with the loader much more severely degraded as re-

flected by both measures. For the first three positions, approximately

one-third of all the responses were iii the no effect category. Also,

excluding the control symptom set 112111, the percent of no effect

response ranges were 4.76 to 71.43 percent for the chief of section.

0 to 85.71 percent for the gunner and assistant gunner, and 0 to 61.91

perceUL for the loader. These results indicated that a substantial
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portion of the respondents believed there would be some performance

degradation at all positions even with relatively mild illness symptoms.

A similar conclusion is reflected in the data for responses in the in-

capacitation category. As shown in Fig. 3, the percent of respondents

who indicated that the loader could not perform were substantially

higher than the percent for other positions. Across all symptoms, 30

percent of all responses indicated that illness would incapacitate the

loader, as compared with approximately 13 percent for the other posi-

tions. A review of the data for specific symptom complexes (see

Table 20) indicates that the majority of symptom sets were judged to

have little or no incapacitating effect on the chief of section, gunner,

or assistant gunner positions. However, this was not the case for the

loader.

In contrast, the effect of several symptom complexes was considered

to be quite severe for all of the positions, For example, for symptom

complex 415314, 61.91 percent of the responses from the first three

positions, and 76.19 percent for the loader position, fell into the

cannot do category. Such differences reflected the more physically

demanding nature of the loader's job, as suggested by the task break-

down in Table 14.

The percent of normal performance was also analyzed for each gun

crew position. Table 8 presents the means and standard deviations for

each of the positions. The means are also depicted in Fig. 4 for the

30 symptom sets as a function of the overall severity across crews. Ex-

eluding the control symptom complex 112111, performance across cremembers

varied between 90.91 percent of normal performance for symptom set 113111

and 19.27 percent for symptom set 415314, with a grand mean of 61.99

percent. The chilef of section and loader positions were comparable in

terms of expected performance, with the gunner and assistant gunner posi-

tions judged as somewhcat less degraded. Mean percent of normal perfor-

manee for the gunner ranged between 95.33 percent for symptom set 113111

and 24.60 percent for symptom set 415314, and for the assistant gunner

position the range was from 95.18 to 22.50 percent. For the chief of

section, percent of normal performance ranged from $7.80 percent for

symptom set 113111 to a low of 17.94 percent for symptom set 415314.
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For the loader, the range was between 87.29 percent for symptom set

211111 and 12.04 percent for symptom set 415314.

In comparing the absolute levels of the obtained expected values

for the different crewmembers, several points need to be emphasized.

As indicated by the size of the standard deviations in Table 8, there

was substantial variation among respondents in the expected percent of

normal performance at all of the symptom complex levels. In general,

given this variability in the data, the difference in expected perfor-

mance would not be statistically significant. Moreover, artificial

differences in size of the obtained decrements may have occurred because

of the manner in which the percent of normal performance measure was
calculated. As discussed at the beginning of this section, it was based

on the ratio betwaen the expected performance and the referent, listed

next to each task. Data gathered during the revisits indicated that

some respondents believed that not all of the referents were accurate

(Most often they were said to be too low). Changing the referent valueIwould, of course, change the values of the expected performance reported

hare.

Regression analyses were conducted for each position, by regress-'
S ing the six symptom compouents on the meani perceit .of baseline perfor-

j mate itl-a stepwise solution. Table 21 shows the obtained weights for

each, of the syqptorm cowponets. For the chief of section. and gunneLr

positions, the most iwportant predictor was. fluid loss, foliowed by

lower gastrointestinal distres, and fatigability/weaknesi-. For the

assistant guter position, fluid loss, matigability/weakness, and lower
gasroittettil di, t a.t t order, were tihe be st presdietot's

Por Lhe loader, fit tigabil ty/weakless- was the maost important predictor,

foilloed by fluid loss jod lower gastroi~teistital dis4tress. Itypotouisionl

iand iie(tLLo and 'bleediig contributed little to any of the predietive

equationls. The R2 values (global goodness of fit measures of data), and
standard errors were similar across positions, as sho in Table 21.

The amount of variance accounted for by the regression ranged between

28 antd 30 percent, with error of prediction of the aasure between

28.12 and 33.62 perceutage points.
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FDC

Analyses of the FDC crew are summarized in Table 22 and Fig. 5.

Table 22 presents the percent of respondents who rated each position

at each symptom complex in the no effect or cannot do categories.

Across the three positions for all synptom complexes, 18.93 percent of

all responses were in the no effect category. The FDO performance gen-

erally was judged to be less affected by the symptoms than the other

two positions. For the control symptom complex, less than 30 percent

of the respondents indicated that there would be no effect. This sug-

gests that the FDC respondents believed that even relatively mild radi-

ation illness will result in degraded performance.

In terms of the percent of responses in the cannot do category,

both Table 22 and Fig. 5 indicate that only a relatively small percent

of respondents judged that performance would be totally degraded for

FDC positions, except by the most severe symptoms. Across all symptoms,

the total percent of responses in the cannot do category averaged less

than 6 percent, and there were only 4 instances out of the total of 90

(i.e., total of responses for all three positions) that exceeded 20

percent.

Table 9 presents the mean and standard deviations for the percent

of normal performance. Across all symptoms, the average performance

was expected to be approximately 67 percent of normal. Excluding the

control symptom set 112111, performance for the FDO position varied

between 24.42 and 92.89 percent of normal performance, while for the

HCO and computer positions, the ranges were 31.73 to 95.75 percent and

27.72 to 91.72 percent, respectively. In Fig. 6, the means for those

positions overlapped considerably across the symptoms. Given the

amount of variation in estimates (Table 9), the results suggested that

all positions are affected substantially and to the same degree by the

symptom sets sampled.

Multiple regression analyses were used to estLimate the relative

effects of the specific components on mean percent of normal perf or-

mance. Table 23 sutmmirizes the analysis for each position, showing
2the obtained beta weights for the component predictors, adjusted It

values, and standard error of prediction. For all positions, fluid
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loss contributed most to the prediction, followed by lower and upper

gastrointestinal distress. Although adding significantly to the amount

-..of variance accounted for in the equation, fatigability/weakness and

hypotension were substantially weaker component predictors. In two of

the three analyses, infection and bleeding were unrelated. The equa-

tions obtained accounted for 30 percent of the variance in the FDO

position, 23 percent in the HCO position, and 27 percent in the computer,

with standard errors in the range of 22.40 to 24.97 percent.

Tank Crew

The analyses conducted for the tank crew positions are summarized

in Tables 24 and 10 and Figs. 7 and 8. The percent of responses in the

no effect and cannot do categories are given in Table 24. Across all

symptom sets, about 30 percent of all responses were in the no effect

category. For the particular positions, the percent of respondents

whojudged that there would be no effect varied considerably.witb. the

perceived symptom complex severity. The ranges .(excluding the control'

symptom set) were between 0 and 82.5 percent for the tank commander,

0 and 85 percent for the gunner, 0 and 77.5 percent for the loader, and

2.5 and 92.5 percent for the driver. The driver was perceived to be more

resistant to the effects of radiation illness symptoms than the other

positions, which were fairly comparable to each other.

In terms of the percent measurement of incapacitation, approxi-

mately 14,5 percent of the responses fell into this category across all

symptoms and positions. As shown in Fig. 7, little difference was per-

celved between positions. For the milder symptoms, incapacitating

effe cs were minimal and only for two of the more severe symptoms did

more than 40 percent of respondents choose this category.

Table 10 presents the results of the tean percent of normal per-

formance for each position across the 30 symptom complexes. As shown in

Fig. 8, only minor differences wecr expected to occur across the posi-

A tions. Across all positions and symptoms, an average expected decrement

was 63.15 percent. The obtained means are linear across symptom severity.

For the tank crew commander, performance estimates varied between 16.59
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-percent for symptom complex 415314 and 97.64 percent for symptom com-

plex 113111, with a mean of 60.57 percent. Estimates for the gunner

position varied between a low of 17.67 percent for symptom complex

415314, and 96.95 percent for symptom complex 113111, with a mean across

symptoms of 64.49 percent. For the loader positions, the estimates

ranged between 16.37 percent for symptom complex 415314 and 96.63 per-

cent for symptom complex 113111, with a mean of 61.46 percent. For the

driver the range was from 23.61 percent for symptom complex 415314 to

97.26 percent for symptom complex 113111, with a mean of 66.07 percent.

For all positions, the size of the standard deviations indicated that

different respondents viewed the expected effects of the radiation

illness symptoms quite differently.

Table 25 shows the multiple regression analysis results of symptom

components performed on the mean percent of normal performance for

each position. The final solutions accounted for approximately 37 to

43 percent of the variance. A few specific differences in the pattern

of regression coefficients were observed between positions. The fluid

loss variable is the most dominant for all positions, followed by

fatigability/weakness for the loader and driver positions and upper

gastrointestinal distress for the tank commander and gunner. The hypo-

tension and infection and bleeding components were of relatively little

importance in all cases.

Mounted TOW Crew

Results are presented here only for the 30 symptom sets used with

all four crews. The data analysis for the 10 items added to the TOW

questionnaire have revealed nothing that leads to interpretation other

than those based on the original 30 symptom sets. The percent of re-

spondents who Judged the performance of the four positions to be un-

affected or incapacitated for each symptom complex are given in

Table 26. Generally, these data indicated that respondents believed

the presence of any set of symptoms would degrade performance of the

crewuiambers. On the average, approximately 31 percent of all responses

were in the no of feet category.
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The driver position was judged to be most resistant, with 39.54

percent of responses in the no effect category. The range of percent-

ages across symptoms varied between 2.44 percenc of responses for

symptom complex 415314 and 85.37 percent of responses for symptom com-

plexes 113111 and 211111. For the squad leader position the percent

of respondents ranged between 2.44 percent for symptom complexes

515223 and 515431, and 80.49 percent for symptom complexes 113111 and

211111. Overall, 33.43 percent of the responses for the squad leader

position indicated that there would be no effect. For the gunner and

loader positions, respectively, 25.6 and 24.6 percent of all responses

occurred in the no effect category. For the gunner position, the per-

cent of no effect responses varied between 0 percent for symptom com-

plexes 334231 and 515223, and 75.61 percent for symptom complex 211111.

For the loader position, the percent of no effect responses ranged from

0 percent for symptom complexes 415314, 515223, 515431, and 535111, to

70.73 percent for symptom complexes 113111 and 211111.

Table 26 and Fig. 9 summarize the results of the other side of

the picture: the percent of respondents who believed that performance
would not be possible (cannot do category). As suggested by Fig. 9,
little difference was perceived between crewmember incapacitation at the

11 mildest illness conditions, but at moderate and severe levels tile
differences became quite substantial. The percent of respondents who

judged that the squad leader would be incapacitated, averaged only 7.02

percent across the symptom complexes. For 19 of 30 symptoms, less than

5 percent of the respondents indicated that the squad leader would be

incapacitated and for only three complexes was incapacitation iudicated

by 20 percent or more of the respondents.

The loader position, on the other hand, was judged as quite se-

verely affected in'terms of incapacitation, with a steep increase in

percent as symptom complex severity inereased. Overall, more thaa 25

percent of the respondents rated this position in the cannot do category.
For 12 of 30 symptoms, at least 30 percent of th respondeiits judged

perfora.nce to be incapacitated. The gunner and driver positions
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averaged 14.04 and 12.92 percent, respectively, of responses in the

cannot do category. For 16 of 30 symptoms, less than 5 percent of the

respondents indicated that incapacitation would be produced in these

positions. For 10 of 30 symptom complexes the percent of responses in

the incapacitated category exceeded 20 percent.

Table 11 summarizes the results of the analyses of the percent of

normal performance for the TOW crew. Figure 10 depicts the means for

each position across symptom complexes. While some variation between

positions is evident, the trend of the position decrements is consistent

and linear across the symptom complexes, with an overall average decre-

ment of 61.85 percent. Across the symptom complex set, the driver

position exhibited the least decrement, followed by the squad leader,

loader, and gunner positions. Excluding the control symptom complex

112111, the mean percent of normal performance varied between 25.22

and 92.36 percent for the squad leader position, 18.27 and 90.95 per-

cent for the gunner, 13.82 and 92.21 percent for the loader, and 29.83

and 95.33 percent for the driver. Again, the standard deviations in

Table 11 reveal that there was a wide variation among respondents in

tile expected effects.

* Table 27 presents the sunmary of the regression analysis for each

position. Across all the analyses, the final solutions accounted for

33 to 42 percent of the variance. As in the other crews, tile symptoms
related to fluid loss and fatigability/weakness were most predictive

- of the decretuent, followed by upper and lower gastrointestinal distress.

The hypotension and infection and bleeding predictors generally con-

tributed tall but significant amounts of additional explained variance.

Interestingly, in the loader position, in which 42 percent of the var-

iance was explaitted, fatigability/weaknoss symptoms were substantially
more important than other predictors.

ORI)4ARY TASK ANALYSIS

Tihe six ordinary tasks included on tile questionnaire were sub-
jetted to analyses similar to those described above. These tasks are

identified as:

46
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Task 1. How long would it take to climb two flights of stairs

briskly?

Task 2. How long would it take to lift five heavy boxes of books

from the floor to a 3-ft-high table?

Task 3. How many flights of stairs could a crewman climb quickly

before becoming breathless?

Task 4. How long could a crewman keep walking at a brisk pace

before his legs got tired?

Task 5. How many heavy boxes could a crewman keep lifting from

the floor to a table before he would have to rest?

Task 6. How long would it take a crewman to open a simple three

number combination lock?

Each task was analyzed across all respondents in terms of (1) the

percent of respondencs who indicated that a given symptom complex would

have no effect and an incapacitating effect, and (2) the expected per-

cent of normal performance as a function of the symptom complex. Multi-

ple regression analyses were also used to determine the importance of

symptom components in explaining the obtained percentage of normal

performance for each task.

Table 28 presents the percent of respondents who indicated that

task performance would be unaffected or not possible for each symptom

complex. With the exception of task 6, the opening of a simple combi-

nation lock, the percent of responses in the no effect categorywere

generally lower than for the military tasks, and the percent of re-

sponses in the cannot do category were generally higher than for the

military tasks across all symptoms and within particular symptoms.

This difference way be attributed to tle relative criticality, per-

ceived by reapondetits, in performing the two sets of tasks. The im-

portance of couipleting a task in a military operation, especially in

combat, was aneedotally reflected as high.

With respect to differences among the ordinary tasks, Fig. 11

stows the porcent of respondents who rated each task in the cannot do

category. rtor the 10 mildest symptom complexes, less than 5 percent
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of the respondents expected incapacitation. However, strong differ-

ences emerged between tasks as severity increased. Tasks 1 and 2 were

rated as least resistant to incapacitation at higher severity levels

(25.17 and 26.70 percent of responses in the cannot do category, re-

spectively); whereas, tasks 3, 4, and 5 (20.22, 18.39, and 20.01 per-

cent, respectively) were perceived as somewhat less affected, and

task 6 (8.22 percent) as most resistant. These differences may be

attributable to the basic difference in the nature of the tasks.

.Tasks 1 and 2 presumably require a short, dynamic strength component,

whereas tasks 3, 4, and 5 tap endurance. Task 6 was a fine psychomotor

task that did not require strength. However, differences were also

confounded by the method of collecting data, as explained in See. 2.
Table 29 and Fig. 12 present the results of the analyses of the

mean percent of normal performance. The rank order of perceived se-

verity across tasks was very consistent [Kendall's W = 0.98, X2(29)

169.91, p < 0.001]. Across all symptom complexes the averaged expected

degradation varied betweeu 35.75 percent of normal performance for

task 4 and 56.54 percent for task 6. As compared with results for
ilitary tasks, the means for all tasks under wilder symptom conditions

were depressed (for example, for symptom complex 112111 tLhe overall

mean was 78.81 percent). This difforence wats probably due in large

parL to tie adjustment eio military task data purformatite, s4tce a simi-

lar addust ment -on ordiniary task data inerea se the overall a4ti to.

56.34 Percent, up eoqpared with 63.54 piercot for military. tauks. Per-

ceived criticality way alsio have been a factor.

With r pe! L to oe ifie task pa te no, Fig. 12 elearly. SWws that
task 6 was believed to be l os tegraded t st the otheta~ks at moder-

ate aod severe symptom levels,. Te size of the staodard deviations

shown in Table 29 suggests that differences amouig other tasks may be

Wore im aglled thatt real.

Multiple regression analyses were coaductuid o the perceti of

iwrual porformance for each task across all respotidetts. The results

are suamari -'d in Table 30. Tasks I through 5 showed similar patterts

based on predinor atnd criterion relationshilps. Ths most. important
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symptom component was fatigability/weakness, followed by fluid loss.

The upper and lower gastrointestinal distress components were of moder-

ate importance to the regression analysis equations; hypotension and

infection and bleeding were less important, if at all, to the predict-
2

ability. Multiple adjusted R values ranged between 0.31 and 0.37.

Task 6 was less amenable to prediction by the regression analysis, with

the equation accounting for about 18 percent of the variance; fluid

loss and upper gastrointestinal distress together accounted for most

of the explained variance, followed by fatigability/weakness, infection

and bleeding, lower gastrointestinal distress, and hypotension.

SELF-CONFIDENCE RATING

Two analyses were performed. First, differences in the distribu-

tions of confidence ratings were compared across crews, in terms of

the frequency of responses in each of five categories. The second

analysis compared thp distribution of confidence levels between symptom

sets, in order to examine whether the severity of symptoms would affect

individual confidence ratings. For a detailed discussion of self-

confidence ratings, see Appendix E.
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SECTION 4

DISCUSSION AND CONCLUSIONS

The results of the questionnaire clearly reflect crewmember expec-

tations of the effects of illness symptoms on combat performance. Across

tasks, positions, and crews, a substantial percent of respondents judged

that the symptoms listed on the questionnaire would degrade performance.

Furthermore, the expected effects of illness on performance were similar

across the types of tasks, positions, and crews used as examples on the

questionnaires. The following discussion centers on the degree and

similarity of responses to expected effects on performance and focuses

on some reasons why the particular results were obtained.

Three measures of the effects of illness were examined: (1) the

percent of respondents who judged performance to be unaffected, and

responded in the no effect category, (2). the percent of respondents who

judged performance to be impossible--incapacitation--and responded to

the cannot do category, and (3) the average.percent of normal perform-

ance. All of these measures indicated that respondents expected illness

symptoms to cause substantial decrements in military task performance,.

A minority of respondents:.helieved that symptom complexes.would

have no effect on performance. Across positions and symptoms, an aver-'.

agp of 20 to 40 percent of respondents believed that a! y given symptom

complex would have no effect. On the other hand., the percent of re-

spouses in the no affect category did not exceed 93 percent-, even lor

the mildest symptom complexes. These data indicate liatt.a large per-

cent of respondents expected illness to degrade 'pelormatce under .cou-

ditions of the mildest sympits.

T .he pereent of responses in the, cannot do c egorly indieated .that

total incapacitatioini was xot pected by wore:.tata 5 perceto re- .
i• -. ,. spdsois.. unro eo. s became modeat't0 au. ve, Tu-

loadev position in% the artillery gun crew wasth .single excepti.on to

this response pattetn, * Comparisons- r.oss .crews reveaied.- that respon-

d;ls p rceivod postLions in the"FDG to be losa in pacitted in 21 to

. . *, A
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.30 symptom complexes, the exception being symptom complex 415314, in

which the percent of responses in the cannot do category did not exceed

20 percent. In contrast, those responding to the artillery gun, tank,

and TOW crew questionnaires reported only minimal expectations of crew-

man incapacitation for mild symptoms; whereas, 30 percent or more indi-

cated incapacitation for most positions with moderate and severe symp-

tom complexes. In some positions within these groups, more than 70

percent of respondents predicted incapacitation. These variations may

reflect basic differences in work requirements..

The results of the measure of the percent of normal performance

also suggest that respondents expected substantial performance degrada-

tion, even for mild symptoms. The obtained decrement factors were

adjusted by the responses to symptom complex 112111, which reduced the

average of expected impact; but a steep decline in performance 'as a

function of symptom severity was found for all positions. These data

also indicate that FDC positions were perceived by respondents to have

a lesser performance degradation than positions of the other three

crews. Specific positions within crews appeared to differ with respect

to the particular levels of degradation. The differences between spe-

cific positions within crews may be more imagined than real; and varia-

tions in respondent performance degradation estimates were large enough

in most instances to make the differences insignificant. The measure

of the percent of normal performance depended on the normal or referent

time for each task. To the dogree that the respondents were not satis-

fied with the referent time given, the computed decrement would not

always reflect a fair estimate of the expected decrement.

The responses across sytptoms within each position or crew dis-
A played a consistent and systematic pattern of illness severity. Again,

the variability between responses for particular symptom complexes

suggests that differences between levels of severity of less than 20

pe-cent may be insignificant. Tile consistency in response patterns

indicates- that respondents believed the illnesses described would de-

grade er.e.mcber performance substantially.

Analysis of ordinary task performance data also supports the con-

clusions 'made here. Tite degree of performance degradation expected by
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respondents for an ordinary task was greater than the degree reported

for military tasks. The differences were due in part to the adjustment

in decrement factors by responses to control symptom complex 112111 for

-military tasks, as well as to differences in perceived importance of

ordinary versus military tasks. However, it should be stressed that

any precise values obtained in this study are not as important as the

consistency of decrements in performance observed across sets of

symptoms--consistency among ordinary tasks, and between ordinary and

military tasks.

The results of multiple regression analyses suggest that quanti-

tative prediction of performance degradation is possible, although

imprecise. The analyses indicate that a sizable percent of the ex-

pected decrement could be predicted or explained if scale values of the

six symptom components used to construct symptom complex descriptions

were known. In the tank, TOW, and artillery gun crew positions, the

most important predictors causing changes in percent of normal perform-

ance across symptom complexes were fatigability/weakness and fluid

loss. Upper gastrointestinal distress was a moderately important pre-

dictor oi performance. For FDC positions, fluid loss and lower gastro-

intestinal distress were perceived as the most important predictors of

performance degradation, with fatigability/weakness a lesser factor

than in other crews.

The linear combination of symptom components accounted for 27 to

43 percent of the variation of judgment across symptoms for specific

crew positions. For combined crew performance, 43 percent of the

variation was predicted. Standard error of prediction for specific

positions ranged between 22.40 and 33.62 percent. For combined crew

analysis, the standard error was 23.89 percent, Although exactness

is desired, the results obtained in this study are more than adequate
for quantitative modeling of radiation e.xposure effects ou task per-

€formance, provided that performce falls withiin a range and in not

i treated as a point estimate. The number of respondealts available was

limited by operational constraints. Only a small subset of tle pus-

sible 15,625 syoptom complexes was selected for study. Those selected
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were directly linked with specific doses of radiation and times after

exposure. Although impractical for the data collection process used

in this study, a representative sampling of the symptom complex domain

with larger sample sizes would increase predictability and precision

of the expected effects of radiation on performsnce,

It is recommended that continued research into the illness-

performance relationship should incorporate more intensive methods for

collecting information, in addition to the group administered question-

naire. One avenue of future research could be to use a Delphi approach

[Dalkey, 19721, which includes several iterations of judgments for

examining, assessing, and refining the results of present research in

the context of more involvement, knowledge storing, and discussion.

Although the present study provides a good beginning to understand-

ing radiation effects on task performance, it should be recognized that

the results are unrefined estimates made by military personnel who had

relatively little time or experience in making complex judgments. Also,

the revisit questionnaires, while providing additional information that

was useful in interpreting and supplementing the original questionnaire

results, were limited by time and logistical constraints, and thus did

not provide an opportunity for exercising a Delphi approach to achieve

a solid consensus among respondents. Future research that addresses

these concerns would contribute greatly to the understanding of the

effect of a nuclear engagement on combat performance effectiveness.

Finally, it must be remembered that at this time, psychological

factors that might affect task performance during a tactical nuclear

detonation were intentionally not addressed. llowever, the psychologi-

cal dimension frequently surfaces as an important issue that could have

bearing on the inteipretation of combat performance that is expressed

here. Therefore, we believe that resear'ch to specifically address the

psyehological factors that way affect combat irformance on a nuclear

battlefield deserves timely attention.
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Table 1. Length-of time in army and specialty area
for respondents in four crews.

Time in Army Time in Specialty

(year) Area (year)
Number of

Crew Respondents Mean S.D. Range Mean S.D. Range

Artillery gun 21 7.55 5.05 15.50 5.75 4.02 14.33
FDC 23 5.16 3.89 14.00 4.54 3.60 14.00
Tank 40 10.08 1.92 8.00 9.25 2.00 9.42
TOW 41 11.27 2.20 10.67 7.00 2.67 14.00

Total, all crews 125 9.14 3.81 14.61 7.05 3.39 16.42

NOTE: S.D. = standard deviation.

Table 2. Military pay grade for respondents
in four crows.

Military Pay Grade
(for percent of respotidents)

Numnber of
Crew Respondents E-4 E-5 E-6 E-7

Artillery gun 21 0 61.9 23.8 14.3
F)C 23 43.5 31.8 18.2 4.5

Tak 40 0 0 82.1 17.9
TOW 41. 0 0 87.2 12.8

Tota 1, all crs, 125 8. 0 a 1 6.3a 6 2.2a 13.2a

'mean percent for all crews.
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Table 3. Length of time in positions for
respondents in four crews.

Time in Position
(year)

Number of
Crew Position Respondents Mean S.D. Range

Artillery gun
Chief of section 21 2.43 2.54 8.83
Gunner 17 0.87 0.89 4.00
Assistant gunner 15 0.58 0.68 2.2u
Loader 12 0.46 0.51 1.50

FDC
HCO 18 0.97 0.89 3.00
Computer 20 1.95 2.24 10.00

Tank
Tank commander 40 5.30 2.40 11.00
Gunner 33 1.28 0.96 4.00
Loader 22 0.58 0.66 2.00
Driver 22 0.81 1.03 5.00

TOW
Squad leader 39 3.33 1.95 7.00
Gunner 23 0.49 0.72 3.00
Loader 12 0.27 0.62 3.00
O-iver 10 0.25 0.56 3.00

NOTE: S.D. - standard deviation.

Tuble 4. Combat experiena for irspondants
in four urews.

NReheint SPiJ L

.r of
::. . crew e,,poitdeits. Aroky () Area|(g

Arrtillry gun 21 19.0 9.5
FDC 23 130 0
Tink .40 17.5 2.5
O'W 41 39.0 7.3

Total, all r1 "I 125 2211, 1

•waa pelrceL for all crews.
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Table 5. Supervisory experience for respondents
in four crews.

Percent of Respondents Who
Supervised Given Number

of Personnel

Number

50 or
0 2 5 10 20 More

Number of
Crew Respondents Percent

Artillery gun 21 5.0 5.0 35.0 30.0 15.0 10.0

FDC 23 0 10.5 47.4 31.6 0 10.5

Tank 40 0 0 0 2.5 22.5 75.0

TOW 41 0 0 0 7.5 17.5 75.0

Total, all crews 125 0.8a  2 .5a 13.4 a  13.4 a  
1 6.0 a 53.8 a

alMean percent for all crews.
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Table 6. Normal referent times for task completion as
stated on questionnaires.

Normal
Referent

Time
Crew Position Task (sec)

Artillery gun
Chief of section Receive fire order and call quadrant elevation, deflection,

projectile, charge, fuze 3

Gunner Set deflection 7
Traverse tube and level bubble 7

Assistant gunner Set quadrant elevation 7
Elevate tube and level bubble 3

Loader Lift projectile to tray 2
Position and operate hydraulic rammer 5
Place charge and release breech block 2
Insert primer and close firing lock 1.5
Attach lanyard and fire 1.5
Swab tube and inspect bore 3

FDC
-DO Annvunce fire order 2

Review calculations 5
Announce fire mission 3

!UGO Plot target location on chart I M a

Orient deflection protractor I (3)a

Read range, deflection by protractor 3

Computer Goiculate fu-e settings, deflection, and quadrant elevation 15
Announce fire cowmands to suns 3

Tank
Tank coruander lssue fire. corxoatd 1

Range the target 5
Depress awtd lay gun for direction. 3
Issue subsequent fire c0u=ad 4

G ttunn ]Idetitify target 1
Aim and fire 6
Apply firu adjustuontand fire 7

Latder Atm 1
Load anid arm 5

Driver Stop 4

Hounted 'tow
Squad loader lkstgtate atlmuth otand target 4

cumaad ldriver to firing pusition 2

Gnnaer Sot kuporelevattl. erect, slew 110 to it0 deg azimuth 17
Adjust sQagiticacion. ecquie targets, Identify, arm and fitro 7

Loader Ito o ld 60
t .arrange rvady ra k 60

Driver frotm sldstill, drivo forward 40 ft Altd 9top 20

Lomputatog tor rospdnms analis InI report Veflect error xn relerout times; correct
Values are ivat in parentheses.
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Table 7. Intertask consistency averaged across symptoms
for positions within four crews.

Average Correlationa
Number

Crew Position of Tasks Raw Adjusted

Artillery gun
Chief of section I -- --

Gunner 2 0.88 0.95
Assistant gunner 2 0.73 0.87
Loader 6 0.91 0.89

Crew average 0.84 0.90

FDC
FDO 3 0.84 0.90
HCO 3 0.85 0.90
Computer 2 0.56 0.75

Crew average 0.76 0.86

Tank
Commander 4 0.91 0.93
Gunner 3 0,88 0.92
Loader 2 0.53 0.74
Driver 1 -..

Crew average 0.77 0.86

TOW
Squad leader 2 0.79 0.90
Guner 2 0.68 0.84
Loader 2 0.88 0.95
Driver 1 ..

Crew averai.,e 0.78 0-90
• NOTE: Adjusted tiuternal eon.sistei~ey ost e. es

bascd oxi five tasks. Dausho (--) indicate Sillgle
task uoly.

All eoefl$cie'lits sigaificaut at p < 0.00.-
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Table 8. Mean percent of normal performance for
artillery gun crew positions.

Position

Chief of Assistant
Section Gunner Gunner Loader

Symptom
Complexa Mean S.D. Mean S.D. Mean S.D. Mean S.D.

112111 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00
113111 87.80 20.59 95.33 10.18 95.18 10.51 85.31 24.74
113121 68.81 32.36 85.08 24.45 80.35 25.91 78.61 27,43
114111 75.53 31.41 85.25 17.67 81.29 20.74 64.62 28.31
123111 77.75 30.60 85.55 25.43 83.81 26.30 64.07 40.08
211111 68.97 32.20 90.29 23.51 88.26 24.67 87.29 25.91
213111 72.74 26.84 93.92 8.98 87.32 13.99 77.36 23.55
224111 48.25 35.02 63.57 37.65 58.62 35.82 49.13 42.06
311111 85.35 22.19 93.69 22.24 97.43 7.41 87.a4 22.86
312111 74.21 24.54 86.43 17.62 80.18 22.63 75.10 27.21
313111 72.82 29.45 85.60 23.13 81.64 24.08 71.12 33.43
313112 55.41 35.52 67.32 30.91 67.81 26.56 54.56 33.81
314112 42.98 32.82 57.18 35.50 53.25 35,82 43.91 44.06
314113 30.97 33.69 42.26 41.14 40.41 39.26 29.60 41.01
315113 31.97 29.29 50.37 37.99 46.32 34.81 29.09 36.73
334231 18.99 26.89 34.46 36.60 35.31 34.69 23.63 36.55
411111 67.27 32.97 88.91 15.40 80.51 18.94 71.76 28.84
412111 72.93 33.23 84.82 27.22 81.44 30.05 71.15 34.88
413111 68.21 28.04 83.81 22.95 81.61 17.93 73,39 28.03

.414111 54.14 34.61 66.55 30.59 61.29 31.02 49.20 40.03
414112 39.40 29.87 59.52 32.62 59.42 28.88 41.97 36.58
415314 17,94 27.37 24.60 32.77 22.50 29.94 12.04 24.17
513111 61.22 32.58 76.19 28.09 73.07 29.04 62.60 38*61
514111 58.02 30.53 73.96 26.22 69.34 27.04 49.94 34.45
515223 33,28 32.95 48.61 30.34 45.19 25.78 13,73 28.13
51531.1 46.34 31.50 64.56 27.68 76.80 25,66 37.68 37.94
515431 20,30 24.56 40.82 31.54 38.67 31.97 20.43 31.92
521111 63.84 33.65 77.32 26.72 72.90 28.54 66,37 37.89
525111 34.07 33.88 44.67 41.29 43.18 37.00 28.67 38.53
535111 27,87 28.85 46,63 34.24 45.80 30.57 26.25 31.22

Averago 55.91 69.91 67.26 54.86

NO0TE:. S.D. a stadard deviatton.

III ojrde of 4wvoity, beotwioug wic|h cootrul symptow complex
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Table 9. Mean percent of normal performance for
FDC positions.

Position

FDO HCO Computer
Symptom
Complexa Mean S.D. Mean S.D. Mean S.D.

112111 100.00 0.00 100.00 0.00 100.00 0.00
113111 92.89 13.80 95.75 6.53 91.72 12.59
113121 74.10 28.09 77.94 25.60 82.08 20.52
114111 81.21 20.89 80.16 20.77 81.58 16.61
123111 82.31 26.21 76.83 30.87 72.79 28.20
211111 76.67 24.43 80.39 24.14 75.98 21.66
213111 83.58 20.61 81.91 18.17 84.85 14.60
224111 56.14 24.36 58.78 29.19 58.72 28.39
311111 80.76 21.47 81.19 19.25 82.83 16.40
312111 66.92 21.51 75.73 23.71 74.42 15.04
313111 75.93 23.10 68.83 21.34 75.66 21.85
313112 59.69 21.93 69.61 22.73 70.03 19.80
314112 53.25 23,65-e 60.11 28.06 61.65 24.17
314113 40.49 28.35 47.72 28.43 51.29 23.45
315113 49.70 26.32 52.56 30.75 55.35 28.36
334231 34.34 25.07 44.51 29.67 45.16 28.08
411111 78.65 20.23 81.82 16.14 82.39 18.40
412111 75.81 23.60 75.86 20.66 77.69 19.55
413111 82.76 19.59 75.90 21.19 85.17 16.10
414111 72.61 26.06 69.60 23.45 69.44 23.25
414112 62.38 25.28 66.01 22.64 68.16 17.96
415314 24.42 23.04 31.73 32.66 27.72 27.93
513111 69.30 21.56 70.48 21.77 71.91 19.35
514111 59,6 21.36 59.19 25.29 60.59 23.69
515223 46.11 25.24 45.16 29.44 47.10 26.82
515311 58.90 2!55 59.38 22.72 65.30 20.54
.515431 40.62 21.54 44.75 29*02 46.97 24.11
52)111 69.00 26.07 68.20 27.89 68.30 25.42
525111 47.66 22.10 55.86 25.38 54.69 23.69
535111 43.11 21o79 49.70 27.15 53,07 22.98

Average 64464 66.86 68.09

'0TE: S.D. - s~atdard devtatiou.
Tin Order Of ILeverity, W'Si~likg With control Symptow

Complex (1ormal).
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Table 10. Mean percent of normal performance for
tank crew positions.

Position

Tank
Commander Gunner Loader Driver

Symptom
Complexa Mean S.D. Mean S.D. Mean S.D. Mean S.D.

112111 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00
113111 97.64 6.96 96.95 9.80 96.63 7.69 97.26 9.82:13121 90.19 15.41 91.72 13.50 87.10 17.57 89.09 15.94
114111 75.27 22.94 81.47 18.58 74.34 23.88 78.13 23.87
123111 82.77 25.42 84.39 24.07 79.27 24.63 76.72 30.72
211111 92.39 15.60 92.75 16.08 93.89 13.25 95.04 12.65
213111 79.39 22.79 82.07 17.91 81.20 22.37 87.78 19.73
224111 61.34 32.04 66.33 32.45 63.72 30.42 66.85 30.52
311111 86.07 18.65 84.59 17.50 88.65 16.03 96.27 8.57
312111 79.73 22.64 81.68 20.94 83.23 20.88 83.63 22.14
313111 82.59 19.85 84.41 17.11 84.72 17.14 86.15 18.46
313112 52.10 28.73 57.83 30.87 53.32 32.19 59.64 34.77
314112 44.75 33.59 50.35 35.09 47.39 34.91 51.20 36.57
314113 32,74 29.54 39.65 33.02 30.53 29.19 41.66 36.44
315113 35.59 31.33 41.92 34,99 27,96 23.61 33.05 31.99
334231 31.12 31.82 38.34 35.58 35.35 35.89 38.91 36.57
411111 73.25 20.82 76,31 20.44 79.95 20.89 85.66 19,90
412111 81.67 22.60 82.98 21.20 81.86 20.94 85.43 22.36
413111 75.86 20.53 79.73 19.40 80.05 21.38 83.54 20.64
414111 67.81 27.03 71.44 26.21 63.85 27.43 70.76 26.96
414112 53.07 26.16 57.77 24.13 55.03 26.80 61.87 28,20
415314 16,59 23.20 17.67 26.42 16.37 24,58 23.61 32.94
513111 63.80 30,15 69.72 29.12 7008 2$Jf61 73.85 30.88
514111 52.01 24.46 62.59 25.72 56,01 26.02 68.85 28.55
515223 31,83 27.00 36.92 30.45 28.26 27.01 35.38 30.46
515311 37.30 28,25 45.11 31.48 40.39 31. 89 42.35 29.02
515431 26.15 22.99 3346 27.45 20,57 28.19 36.57 31.82
521111 58,12 35.13 61.54 34,37 60.00 36.41 66.89 36.1$
525111 26,04 29.98 31.25 34.09 29,13 33.16 32,25 36608
53511 ;0.92 26.21 33.87 29.19 26.78 26,60 33482 32.27

Avergc 60.57 64,49 6'.46 66.07

N Ot~It 5.z asrwxidcird dovintilo.

I o or ater of suverity, begiimttg wlith co trI symptuw CuLp1Wm
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Table 11. Mean percent of normal performance for
mounted TOW crew positions.

Position

Squad
Leader Gunner Driver Loader

Symptom
Complexa Mean S.D. Mean S.D. Mean S.D. Mean S.D.

112111 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00
113111 92.36 19.89 88.46 23.13 95.33 16.84 91.18 23.49
113121 85.03 24.75 81.74 28.10 91.46 19.81 88.53 24.35
114111 77.11 23.45 61.99 26.04 81.05 23.51 63.16 29.87
123111 82.61 26.93 75.21 30.24 89.87 19.82 83.84 24.07
211111 91.34 21.56 90.95 20.70 95.12 17.54 92.21 18.56
213111 80.36 26.98 62.86 29.53 87.12 21.06 77.68 24.73
224111 65.23 25.41 57.30 29.25 78.37 23.87 67.28 28.22
311111 86.19 20.01 79.80 23.66 92.85 12.30 89.28 19.16
312111 76.63 22.26 70.09 30.17 87.22 17.37 84.48 15.07
313111 74.50 24.27 70.39 25.07 92.83 10.99 83.7.9 23.30
313112 53.20 27.24 45.97 29.04 64.88 30.18 50.76 33.86
314112 52.84 30.21 42.78 31.57 59.10 34.33 44.26 36.60
314113 42.86 31.36 31.85 31.14 48.01 35.50 22.95 34.33
315113 33.69 28.99 27.78 28.19 43.77 35.05 24.71 31.84
334231 33.12 28.74 26.29 25.86 41.53 35.16 31.20 33.02
411111 77.50 22.72 71.82 28.80 93.76 12.42 87.19 13.53
412111 83.42 23.70 79.16 25.57 91.62 13.79 83.94 21.08
413111 74.33 26.07 63.06 26.28 85.37 20.65 76.77 29.92
414111 68.98 28.84 59.28 29.08 75.27 25.92 58.24 30.78
414112 50.88 28.17 42.17 28.82 61.76 35.30 48.76 37.22
415314 25.22 28.38 18.27 26.23 29.83 32.94 13.82 25.08
513111 61.84 28.19 53.81 32.10 74.15 26.93 66.35 32.00
514111 55.71 31.03 48.55 30.03 67.61 35.57 48.68 37.69
515223 34.59 27.42 18.90 20.49 36.05 32.24 15.52 26.30
515311 40.48 30.78 28.98 24.64 52.84 30.38 25.05 31.11
515431 29.35 23.12 22.26 22.78 35.64 31.89 20.17 27.21
521111 74.64 29.26 66.80 33.01 79.65 26.90 76.80 32.34
525111 43.63 32.85 33.15 31.98 46.38 37.83 19.94 33.03
535111 40.06 28.87 28.48 27.37 44.54 36.25 26.89 34.22

Average 62.92 54.94 70.77 58.78

NOTE: S.D. standard deviation.
a In order of severity, beginning with control symptom complex

(normal).
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Table 12. Order of symptom complex severity across
positions for four crews.

Symptom Complex Severity Ratings
by Crew a

Artillery All
Gun FDC Tank TOW Crews

112111 112111 112111 112111 112111
311111 113111 113111 113111 113111
113111 213111 211111 211111 311111
211111 311111 311111 311111 211111
123111 413111 113121 113121 113121
313111 411111 313111 411111 213111
412111 114111 412111 412111 313111
213111 211111 213111 123111 412111
113121 113121 312111 312111 123111
312111 123111 123111 313111 411111
411111 412111 413111 213111 312111
413111 313111 411111 521111 413111
114111 312111 114111 413111 114111
513111 513111 414111 114111 521111
521111 414111 513111 224111 513111
525111 313112 224111 414111 414111
224111 521111 521111 513111 224111
313112 414112 514111 514111 313112
314113 515311 414112 313112 514111
514111 514111 313112 414112 414112
414111 314112 314112 314112 314112

314112 224111 515311 515311 515311
515311 315113 314113 314113 314113
414112 525111 334231 525111 525111
315113 535111 315113 535111 315113
334231 515223 515223 315113 334231
415314 314113 515431 334231 535111

- 515223 515431 535111 515223 515223
- 535111 334231 525111 515431 515431

_ 515431 415314 415314 415314 415314

NOTE: Ordor of symiptom sets was d termiaLed by

the suw of ranks for the pereeut of normal perfor-
mace across (crewmombers. Rank order agreement
tested acruss crews; Kendall's W - 0.95, X2 (29) *

I09.74, 1) < 0.001.
-i lo order otf sevrity, begining witih control

sym4)tum couiplox (nortaal).
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Table 13. Rank order consistency of symptoms

across four.. crews.

Tasks within Positiona

2
Crew Position Kendall's W x

Artillery gun
Chief of section -- --

Gunner 0.98 57.10

Assistant gunner 0.97 56.41

Loader 0.96 167.87

FDC
FDO 0.98 85.08
HCO 0.97 84.80

Computer 0.98 56.78

Tank
Commander 0.98 115.16
Gunner 0.98 85.31
Loader 0.99 57.21
Driver -- --

TOW
Squad leader 1.00 7".65
Gunner 0.99 77.33
Loader 1.00 77.85
Driver -- --

All Positions
within Crow0

Crw Kedall's W X 2

Artillery gun 0.94 109.15
FDC 0.97 84.76
Tank 0.98 114.05
11W 0.98 113.52

Rank order couisstency
•alross crew 0. 94 109, 10

NOY1 Bfased ,t a vcage pemont of normAl p.r-

formae e 00MuIMI d atoss thubjct~s on 30 g7tuptom
obploxes, With rvnj4oxtsmI ill Ito-fect a114 t-ailvwot

do c onr' ,ea imcluded. Whoa (--) indica.e
single ask only.

aA.1 values of. X 2  aro aigtficapt at p < 0.001,
" :": dr 2 ,9.



Table 14. Summary of average expected effects across 30 symptom
complexes on artillery gun crew tasks.

Mean
Responses in Responses in Percent
Unaffected Incapacitated of Normal

Position Task Category (%) Category (%) Performance

Chief of section Receive fire order and call 31.75 13.49 55.91
Gunner Set deflection 44.76 13.38 72.07

Traverse tube and level bubble 36.51 13.81 68.19
Assistant gunner Set quadrant elevation 46.51 11.43 74.40

Elevate tube and level bubble 35.87 12.54 60.71
Loader Lift projectile to tray 30.48 29.37 48.99

Position and operate rammer 43.49 18.25 64.05
Place charge, release breech
block 32.86 23.02 56.20

Insert primer, close firing
lock 35.,0 1.90 62.33

Attach lanyard and fire 44.29 11.27 67.98
Swab tube and inspect bore 47.14 12.54 70.34

Table 15. Summary of averange expect:ed effects across 30 symptom
complexes on FDC crew tasks.

U ;f~eev Inzap,tated of Norl
rositiuii Task 4aeoy(1) CALOnry ( VePrfonate

F) Af founce UV) rite 29.27 4.33 .5
PReviou. clulotioov 3 .02 5.65 67,09

Atoooti fire miasioll 41,57 4.19 69.32
.. 0 Plot torget loeatiou ou Olutrt 31.62 5.93 69.22

.. Ot'iw 4 t lection protraator 40.92 5.21 69.78
Read rangt. deflection by
protr'ctor 27.04 5.65 61.99

COCApUter Calculilte tuze aetting,
dOf lecX4t1%, quAddAnt
elevattowa 32.03 4.92 75.63

Aulouate five co tude to guter 27.10 4.05 60.92
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Table 16. Summary of average effects across 30 symptom complexes
on tank crew tasks.

Mean
Responses in Responses in Percent
Unaffected Incapacitated of Normal

Position Task Category (%) Category (1) Performance

Tank commander Issue fire command 34.38 13.92 53.10
Range the target 38.97 15.25 65.03
Press and lay gun for direction 34.71 15.42 59.37
Issue subsequent fire command 36.63 14.03 64.70

Gunner Identify target 36.29 14.08 55.93
Aim and fire 42.22 14.00 69.95
Apply fire adjustment and fire 35.46 14.33 68.06

Loader Arm 49.73 14.67 63.81
Load and arm 28.95 19.81 59.05

Driver Stop 39.55 15.67 66.07

I Table 17. Sunuary of faverago expected effecLs across 30 symptom
complexes for mounted TOW tasks.

lKeponsea in Responses i rPerceitt

Unnuff tcted 111rapatitated o wia
Position Taok Cattegory (%) Category (1) Performance

Squad leader Designate atiauth and targeg 36.69 8.49 63.41
]a= and driver to fir g
poeriun o40.35 .51 62.44

-,. ilmor -Set #UPC relevat toll, ertet, mild .-

sVIt eC d 70 dond 31. 12.20 47.89
Adjuit uatficit o., acquire

targe-to, arm and fire 30.17 12.60 62.96
Track target lst 6 sec 25 I. 11.94 6.6.06

Loader Relad 27120 27.90 58.00
Rearrange ready rack 2,66 25.$4 59.61

Driver Drive foruard 40 ft and atop 39.54 12.92 70.17

=0
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Table 18. Mean percent of normal performance
for combined crew.

Crew

Artillery
Gun FDC Tank TOW

Symptom
Complexa Mean S.D. Mean S.D. Mean S.D. Mean S.D.

112111 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00
113111 90.90 13.52 93.45 9.03 97.12 5.72 91.83 18.18
113121 78.22 25.70 78.04 22.65 89.53 12.91 86.69 21.57
114111 76.67 18.92 80.98 16.62 77.30 18.26 70.83 19.37
123111 77.79 27.31 77.31 26.09 80.79 22.82 82.88 22.05
211111 83.70 23.69 77.68 21.91 93.52 12.86 92.40 18.03
213111 82.84 13,53 83.45 15.56 82.61 17.34 77.01 19.88
224111 54.89 34.00 57.88 24.49 64.56 29.03 67.04 20.85
311111 90.90 13.01 81.60 14.82 88.89 11.99 87.03 15.35
312111 78.98 20.38 72.36 16.32 82.07 18.69 79:60 17.36
313111 77.80 23.48 73.48 18.93 84.47 14.51 80.38 15.55
313112 61.27 27.52 66.44 18.94 55.72 29.09 53.70 24.52
314112 49.33 34.53 58.34 23.86 48.42 33.66 49.42 28.42
314113 35.81 36.28 46.50 24.82 36.14 30.05 36.42 28.01
315113 39.44 30.90 52.54 26.94 34.63 27.20 31.85 26.89
334231 28.10 29.84 41.34 24.94 35.93 32.86 33.04 27.88
411111 77.11 19.16 80.95 15.13 78.79 16.88 82.57 15.16
412111 77,59 28.79 76.46 18.82 82.98 18.35 84.54 17.75
413111 76.76 22.06 81.28 16,07 79.80 15.59 74.88 19.17
414111 57.79 31.15 70,55 21.00 68.47 23.91 65.44 22.91
414112 50,07 25.72 65.52 19.49 56.94 23.41 50.89 26.83
415314 19.27 26.57 27.96 26.93 18.56 25.13 21.78 23.44
513111 68.27 28.26 70.56 18.18 69.36 27.27 64.04 26.78
514111 62.81 25.08 59.88 20.79 59.86 23.34 55.14 28.46
515223 35.20 23.30 46.12 24.63 33.10 26.71 26.27 20.92
515311 53.59 24.67 p1.19 19.09 41.29 28.10 36.84 25.39
515431 30.06 24.62 44,11 22.74 31.19 24.75 26.86 21.82
521111 70.11 27.33 68.50 24.56 61.66 33.50 74.47 26.66
525111 37.65 34.51 52.74 21.33 29.67 31.94 35.78 27.91
535111 36.64 27.25 48.63 22.20 31.10 26.71 34.99 26.19

Average 61.99 66.53 63.15 61.82

Xki order of severity. begiiwitkg wi.ii cuntrul symptum complox
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Table 19. Summary of multiple regression analysis of
symptoms on combined crew performance.

Symptom
Component RF

Fatigdbility/

weakness 0.3183 -0.242 1 91 .3 8 7a
Fluid loss 0.3531 -0.299 40 6 .1 14a

Upper gastrointestinal
distress 0.3900 -0.205 21 2 .3 7 5a

Infection and bleeding 0.4108 -0.086 2 5 .98 5a

Lower gastrointestinal
distress 0.4263 -0.167 12 2 .6 3 9a

Hypotension 0.4290 -0.081 18.471 a

Intercept constant 0.0001 -0.024 4 .1 62b

NOTE: Adjusted R2  0.428, standard error = 23.8B5.
All values of tested with F statistic; df 1 1, and
355.

ap < 0.001.

bp < 0.05.

Ip

?1



Table 20. Mean percent of responses in no effect and cannot do
categories for artillery gun crew positions.

Position

Chief of Assistant
Section Gunner Gunner Loader

Symptom No Cannot No Cannot No Cannot No Cannot
Complexa Effect Do Effect Do Effect Do Effect Do

112111 100.00 0.00 100,00 0.00 100.00 0.00 100.00 0.00
113111 71.43 0.00 76.19 0.00 76.19 0.00 52.38 4.76
113121 42.86 4.76 52.38 4.76 47.62 4.76 23.81 4.76
114111 57.14 0.00 42.86 0.00 38.09 0.00 4.76 9.52
123111 57.14 4.76 52.38 4.76 52.38 4.76 19.05 23.81
211111 42.86 4.76 71.43 4.76 71.43 4.76 61.91 4.76
213111 42.86 0.00 61.91 0.00 47.62 0.00 14.29 4.76
224111 19.05 14.29 28.57 19.05 23.81 19.05 9.52 38.09
311111 66.67 0.00 85.71 4.76 85.71 0.00 38,09 4.76
312111 42.86 0.00 47.62 0.00 47.62 0.00 28.57 4.76
313111 42.86 4.76 47.62 4.76 42.86 4.76 23.81 19.05
313112 28.57 9.52 23.81 9.52 19.05 4.76 4.76 19.05
314112 9.52 14.29 14.29 19.05 19.05 19.05 19.05 42.86
314113 9.52 38.09 14.29 42.86 9.52 42.86 9.52 61.91
315113 9.52 23.81 14.29 28.57 4.76 28.57 0,00 57.14
334231 4.76 52.38 4.76 47.62 4.76 42.86 0.00 66.67
411111 42.86 0.00 52.38 0.00 38.09 0.00 14,29 9.52
412111 52.38 4.76 52.38 4,76 57.14 4.76 23.81 14.29
413111 33.33 4.76 58.09 4.76 33.33 0.00 9.52 4.76
414111 23.81 9.52 19.05 9.52 14.29 9.52 9.52 33.33
414112 9.52 19.05 9.52 14.29 4.76 9.52 0.00 38,09
415314 4.76 61.91 0.00 61.91 0.00 61.91 0.00 76.19
513111 28.57 4.76 33.33 4.76 33.33 4.76 19.05 23.81
514111 23.81 4.76 23.81 4.76 23.81 4.76 -4.76 23.81
515223 9.52 23.81 9.52 19.05 4.76 14,29 0.00 76.19
515311 14.29 9.52 9.52 9.52 9.52 4.76 4.76 42.86
515431 4.76 23.81 4.76 23.81 9.52 23.81 4.76 61.91
521111 38.09 4.76 42.86 4.76 42.06 4.76 19.05 19.05
525111 9.52 38.09 14,29 42.86 4.76 38.09 0.00 61.91
535111 9.52 38.09 14.29 42.86 4.76 38.09 0.00 52.38

awverge 31.75 13.49 35.40 13.97 32.54 12.54 17.30 30.00

In order of severity, begiuniig with control symptom complex
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Table.21. Summary of multiple regression analysis for
artillery gun crew positions.

0 Weights for Position

Symptom Chief of Assistant
Component Section Gunner Gunner Loader

Upper gastrointestinal
distress -0.1 50a -0.1 1 6b -0.1 2 5a -0.1 31a

Lower gastrointestinal
distress -0.165a -0.195a -0.173a -0.136a

Fatigability/
weakness 1 5 8a 0.1 6 6a -0.1 8 6a -0.246 a

Hypotension -0.042 -0.064 -0.033 -0.056
Infection and bleeding -0.144b -0.107c -0.1 2 2b -0.089
Fluid loss -0.2 7 0a -0.3 08a -0.3 0 7a -0.2 46a

Adjusted R' 0.28 0.30 0.29 0.29
F (6, and 602) 38.49 a  42.77a  4 3.0 2a 4 3 .1 8a

Standard error 30.93 29.05 28.12 33.62

NOTE. Values of 8 tested with F statistic, df = 1, and 602.
* ap < 0.001.

bP <0.01.

p <.0.05.
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Table 22. Mean percent of responses in no effect and cannot do

categories for FDC positions.

Position

FDO HCO Computer

Symptom No Cannot No Cannot No Cannot

Complexa  Effect Do Effect Do Effect Do

112111 100.00 0.00 100.00 0.00 100.00 0.00
113111 73.91 0.00 65.22 0.00 60.87 0.00

113121 39.13 0.00 34.78 0.00 34.78 0.00
114111 39.13 0.00 26.09 0.00 26.09 0.00
123111 60.87 0.00 34.78 8.70 21.74 8.70
211111 30.43 4.35 17.39 4.35 13.04 4.35
213111 47.83 0.00 26.09 0.00 17.39 0.00
224111 4.35 4.35 4.35 13.04 4.35 13.04
311111 39,13 0.00 21.74 0.00 21.74 0.00
312111 13.64 0.00 22.73 0.00 9.09 0.00
313111 26.09 0.00 8.70 0.00 21.74 0.00
313112 8.70 0.00 8.70 0.00 8.70 0.00
314112 4.35 4.35 4.35 4.35 8.70 4.35
314113 4.35 13.04 4.35 13.04 4.35 8.70
315113 4.35 4.35 4.35 13.04 4.35 8.70
334231 0.00 17.39 0.00 21.74 4.35 17.39
411111 26.09 0.00 26.09 0.00 39.13 0.00
412111 29.17 0.00 16.67 0.00 20.83 0.00
413111 34.78 0.00 21.74 0.00 36.43 0.00
414111 26.09 0.00 8.70 0.00 17.39 0.00
414112 13.04 0.00 8.70 0.00 4.35 0.00
415314 0.00 30.43 4.35 39.13 0.00 43.48
513111 17.39 0.00 8.70 0.00 13.04 0.00
514111 8.70 0.00 4,35 4.35 4.35 4.35
515223 0.00 8.70 0.00 17.39 0.00 13.04
515311 4.35 0.00 0.00 4.35 8.70 0.00
515431 0.00 8,70 4.35 13.04 4.35 8.70
.521111 21.74 4.35 13.04 4,35 13.04 4,35
525111 4,35 4.35 4.35 8.70 0.00 8.70
535111 0.00 4.35 0.00 13.04 0.00 4.35

Average 22.73 3.61 16.82 6.08 17.24 5.07

xt
aT. order of severity, beginning with control symptom eomplex

(nurwal).
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Table 23. Summary of multiple regression analysis
for FDC positions.

Weights for Position
Symptom

Component FDO HCO Computer

Upper gastrointestinal
distress -0.147 -0.143a -0.1 18b

Lower gastrointestinal
distress -0.230a -0.165a -0.231a

Fatigability/
weakness -0.076 - 0 .1 1 6C -0.079

Hypotension -0.098 -0.089 -0.143b
Infection and bleeding -0.110 c  -0.079 -0.050
Fluid loss -0.350a  -0.269a  -0.325a

Adjusted R2  0.30 0.23 0.27
F (6, and 660) 48.02a  40.31a  42.14
Standard error 23.83 24.97 22.40

NOTE: Values of a tested with F statistic,
df -1, and 660.

p < 0,001.
b

p < 0.01. .

P < 0.05.
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Table 24. Mean percent of responses in no effect and cannot do
categories for tank crew positions.

Position

Tank
Commander Gunner Loader Driver

Symptom No Cannot No Cannot No Cannot No Cannot
Complexa Effect Do Effect Do Effect Do Effect Do

112111 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00
113111 82.50 0.00 85.00 0.00 77.50 0.00 92.50 0.00
113121 60.00 0.00 62.50 0.00 52.50 0.00 62.50 0.00
114111 22.50 0.00 37.50 0.00 25.00 2.50 42.50 2.50
123111 50.00 2.50 60.00 2.50 45.00 2.50 52.50 7.50
211111 70.00 0.00 72,50 0.00 72.50 0.00 85.00 0.00
213111 42.50 0.00 32.50 0.00 40.00 0.00 67.50 0.00
224111 20.00 12.50 27.50 12.50 20.00 10.00 27.50 10.00
311111 40.00 0.00 42.50 0.00 52.50 0.00 82.50 0.00
312111 42.50 0.00 42.50 0.00 42.50 0.00 57.50 0.00
313111 38.46 0.00 41.03 0.00 38.46 0.00 58.97 0.00
313112 7.50 12.50 7.50 15.00 10.00 15.00 27.50 17.50
314112 10.00 25.00 10.00 25.00 7.50 25.00 17.50 27.50
314113 2.50 30.00 2.50 32.50 0.00 35.00 10.00 37.50
315113 2.50 30.00 5.00 30.00 0.00 30.00 2.50 40.00
334231 2.50 37.50 5.00 37.50 5.00 37.50 12.50 40.00
411111 22.50 0.00 25.00 0.00 35.00 0.00 60.00 0.00
412111 47.50 0.00 42.50 0.00 40.00 0.00 62.50 0.00
413111 22.50 0.00 30.00 0.00 30.00 0.00 52.50 0.00
414111 30.00 2.50 30.00 2.SO 15.00 5.00 32.50 5.00
414112 10.00 7.50 7.50 7.50 7.50 7.50 22.50 7.50
415314 0.00 60.00 0.00 65.00 0.00 60.00 7.50 60,00
513111 20.00 7.50 30.00 7.50 22,50 7.50 47.50 7.50
514111 7.50 5.00 5.00 7.50 5.00 7.50 30.00 7.50
515223 5.00 30.00 5.00 32.50 2.50 35.00 7.50 35.00
515311 0.00 25.00 7.50 25.00 2.50 27.50 5.00 25.00
515431 0.00 25.00 0.00 32.50 2.50 32.50 5.00 32.50
521111 22.90 17.50 25.00 17.50 20.00 17.50 37.50 17.50
525111 2.50 45.00 2.50 47.50 2.50 45.00 10.00 50.00
535111 2.50 32.50 2.50 35.00 2.50 32.50 7.50 40.00

Average 26.20 13.58 28.20 14.50 25.87 14.50 39.55 &5.67

In order of sevrity, begitlilg With eoiitrOl syMtLoW Conp41I,0
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Table 25. Summary of multiple regression analysis
for tank crew positions.

8 Weights for Position

Symptom Tank
Component Commander Gunner Lorler Driver

Upper gastrointestinal
distress -0.23 9a -0.2 19a -0.1 95a -0.1 4 1a

Lower gastrointestinal
distress _0. 18 8a _0.2 1 1a 0.1 81 a -0.1 9 7a

Fatigability/
weakness -0.229a  -0.1 74a -0.2 72a -0.250

Hypotension -0.0 9 7b -0.,195a -0.0 69c -0.10 0b

Infection and bleeding -0.043 -0.019 -0.050 -0.025
Fluid loss -0.286a -0.305a -0.311a  -0.279 a

Adjusted R2  0.42 0.38 0.43 0.37
F (6, and 1152) 138.84a  118.15a 145.64a  113.44a
Standard error 26.38 26.87 26.61 28.40

NOTE: Values of tested with.F statistic, df - 1,.and 1152.
ap < 0.001.
b
V < 0.01.

p < 0.05.
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Table 26. Mean percent of responses in no effect and cannot do
categories for mounted TOW crew positions.

Position

Squad
Leader Gunner Driver Loader

Symptom No Cannot No Cannot No Cannot No Cannot
Complex Effect Do Effect Do Effect Do Effect Do

112111 i00.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00
113111 80.49 2.44 70.73 2.44 85.37 2.44 70.73 4.88
113121 65.85 2.44 58.54 2.44 73.17 2.44 63.41 4.88
114111 31.71 0.00 14.63 2.44 46.34 2.44 14.63 12.20
123111 63.41 2.44 51.22 4.88 63.41 2.44 41.46 4.83
211111 80.49 2.44 75.61 2.44 85.37 2.44 70.73 2.44
213111 51.22 0.00 24.39 2.44 58,54 2.44 19.51 4.88
224111 24.39 2.44 19.51 4.88 34.15 4.88 12.20 9.76
311111 58.54 0.00 46.34 0.00 68.29 0,00 60.98 2.44
312111 41.46 0.00 34.15 0.00 53.66 0.00 34.15 0.00
313111 36.59 0.00 26.83 0.00 60.98 0,00 36.59 4.88
313112 9.76 2.44 12.20 7.32 19.51 9,76 9.76 24,39
314112 19.51 9.76 7.32 21.95 17.50 20.00 4.88 36.59
314113 12.20 14.63 7.32 31.71 9.76 29.27 4.88 63.41
315113 7.50 20.00 7.50 32.5$ 10.00 30.00 2.44 56.10
334231 4,88 24.39 0.00 39.02 7.32 34.15 2.44 46.34
411111 36.59 0,00 31.71 4.88 73.17 0.00 34.15 0.00
412111 60.00 0.00 50.00 0.00 67.50 0.00 37.50 2.50
413111 39.02 0.00 19,51 0.00 48.78 0.00 24.39 9.76
414111 35.00 2,50 20400 2.50 32.50 5.00 12.50 15,00
414112 7.32 4.88 4.89 17.07 19.51 17.07 4.88 31.71
415314 7.32 31.71 2.44 53.66 2.44 49.78 0.00 73.1?
513111 21.95 2.44 19.51 7.32 29,27 4,88 14.63 14.63
514111 17.07 9.76 9.76 14.63 31.71 17.07 9.76 31.71
515223 2.44 14.63 0.00 43.90 4.88 34.15 0.00 68.29
515311 9.76 12.20 2,41 2?i.95 7,32 14.63 2.44 51.22
515431 2.44 17.07 2.44 34.15 4.80 36.59 0.00 36.10
521111 51.22 2.44 36.S9, 4.88 46o34 4.88 43.9C 9.76
525111 17.50 17.50 7.50 32.50 12.50 32.50 5.00 70.00
535111 7.32 12.20 4.80' 29.27 12.20 29.27 0.00 56.10

Avtaw± 33.43 7.02 25.60 14.04 39.54 12.92 24.60 25.60

lit order of 6ovuriLy. begitiiug with control syutptu cowplex
(norwa ),
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Table 27. Summary of multiple regression analysis
for mounted TOW positions.

" Weights for Positiona

Symptom Squad
Componera Leader Gunner Loader Driver

Upper gastrointestinal
distress -0.185b  -0.181b  -0.164 b  -0.154 b

Lower gastrointestinal b

distress -0.108 -0.089 c  -0.079 c  -0.121 b

Fatigability/
weakness -0.215 b  -0.274 b  -0345b  -0.235 b

Hypotension -0.08 4
c  -0.062 -0.0 7 3d -0.0 78d

Infection and bleeding -0.099 c  -0.086 c  -0 0 6 7d 0.1 1 2b

Fluid loss -0.2 6 2b -0.23 8b -0.2 5 2b -0.2 8 1b

Adjusted R2  0.33 0.34 0.42 0.35

F (6, and 1182) 9 8 .23b 1 03 .48b 1 4 1 .6 1b 1 0 7 .39b

Standard error 27.37 28.43 29.91 27.61

NOTE: Values of B tested with F statistic, df = 1, and 1182.

aBased on 30 symptom complexes.

p < 0.001.

p < 0.05.

i
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Table 28. Mean percent of responses in no effect and cannot do

categories for ordinary tasks.

Ordinary Taskb

1 2 3 4 5 6
Symptom No Cannot No -Cannot No Cannot Nn Cannot No Cannot No Cannot

Complexa Effect Do Effect Do Effect Do Effect Do Effect Do Effect Do

112111 46.28 0.00 40.50 0.00 42.15 0.00 45.90 0.00 41.32 0.00 52.46 0.00
113111 47.15 0.81 46.34 1.63 35.77 0.00 37.90 0.00 33.33 1.63 47.97 0.00

113121 29.84 3.23 28.23 4.84 17.89 4.06 16.13 4.03 18.70 4.06 .30.64 0.81

114111 8.07 10.48 8.13 11.38 8.80 7.20 8.00 6.40 10.40 8.80 29.60 1.60

123111 28.45 8.94 25.20 12.20 15.45 8.13 10.48 8.87 12.20 10.57 34.68 3.23

211111 42.74 3.23 40.16 4.10 27.64 2.44 26.61 3.23 21.95 2.44 41.13 0.81

213111 20.33 2.44 14.63 2.44 19.36 0.81 16.00 2.40 21.77 1.61 30.40 0.80
224111 7.26 18.55 7.26 21.77 5.64 16.93 4.80 16.00 10.48 17.74 .23.20 8.00

311111 34.15 2.44 29.27 1.63 28.69 1.64 30.89 0.81 33,61 0.82 39.84 0.00

312111 17.21 1.64 15.70 2.48 8.94 3.25 8.87 3.23 10.57 3.25 24.19 0.81

313111 21.14 2.44 19.01 1.65 14.75 0.82 17.21 2.46 16.39 1.64 26.02 0.00

313112 7.32 22.76 7.38 24.59 5.60 19.20 1.61 1.93 3.20 16.00 18.40 7.20
314112 8.20 33.61 9.09 34.71 3.23 28.23 4.00 25.60 4.03 25.00 13.60 13.60

314113 3.25 61.79 4.10 59.02 1.63 49.59 2.44 44.72 2.44 47.15 9.02 20.49

315113 0.81 58.54 0.81 58.54 2.42 46.77 0.81 39.84 0.00 45.97 8.07 17.74

334231 2.42 58.87 3.23 59.68 0.80 47.20 0.00 42.40 0.80 48.00 6.45 26.61
411111 17.89 3.25 15.45 5.69 21.77 0.81 31.20 1.60 31.20 2.40 32.80 1.60
412111 20.16 3.23 18.55 4.03 12.20 4.88 11.29 4.84 8.94 4.88 28.23 1.61

413111 18.03 2.46 18.03 4.10 14.52 2.42 12.00 3.20 16.93 2.42 28.80 1.60

414111 8.13 17.89 8.20 18.03 4.03 50.13 5.69 15.45 6.45 16.13 16.13 5.64
414112 4.b6 22.76 3.23 25.81 4,80 20.80 3.20 21.60 5.60 23.20 12.80 8.00

415314 1.61 72.68 1,61 73.39 0.81 65.85 1.61 59.68 3.25 62.60 5,64 32.26
513111 12.20 13.82 13.01 15.45 8.13 9.76 6.45 8.07 4.88 8.94 19.36 1.61

514111 4.8W 20;33 4.84 24.19 3.20 16.20 4.80 16.80 7.20 18.40 15.20 6.40

515223 4.03 62.10 4.06 70.73 1.61 50.81 0.81 41.13 0.81 48.39 1.63 20.33
515311 3.23 48.09 1.61 52.42- 5.60 37.60 0.81 30.64 1.61 31.68 15.45 10.57
515431 0.82 68.03 1.64 68.03 3.25 40.65 2.44 36.59 4.88 34.96 5.74 16.39

521111 14.63 14.63 12.20 17.07 8.94 13.01 8.07 14.52 10.57 16.26 20.97 5.64
525111 1.63 60.98 L.63 60.98 0.82 50.82 0.81 43,90 2.44 47.15 8.94 17.07

535111 3.23 54.84 2.42 60.48 1.63 41.46 0.00 36.89 3.23 45.16 8.07 15.13

Average 14.64 25.17 13.52 26.70 11.00 20.22 10.69 18.39 11.64 20.01 21.85 8.22

a In order of severity, beginning with control symptom complex (normal).
bFor description of tasks, see p. 48.
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Table 29. Mean percent of normal performance for ordinary tasks.

Ordinary Taskb

Symptom 1 2 3 4 5 6
Complex Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

112111 83.18 20.77 81.05 20.38 74.84 26.77 76.13 28.41 75.86 26.11 80.25 25.82
113111 82.44 21.87 80.62 23.28 73.23 25.82 71.55 29.49 68.95 29.17 77.94 27.19
113121 71.80 26.00 71.09 26.85 57.25 29.29 53.32 30.17 53.51 30.37 69.16 27,36
114111 52.07 28.21 50.12 28.00 44.52 27.63 35.90 28.31 45.35 29.37 65.22 30.47
123111 65.92 31.45 62.25 32.83 52.92 31,48 44.43 30.32 44.05 30.77 67.80 30.73
211111 76.71 26.31 76.13 27.29 66.89 28.10 61.02 32.27 60.39 29.08 73.79 27.11
213111 66.92 25.28 63.58 24.15 59.64 28.26 54.30 31.05 61.32 29.68 68.34 28.74
224111 48.03 29.29 45.27 31.52 37.13 28.09 30.88 27.77 36.11 31.23 61.62 30.95
311111 75.69 24.50 74.14 24.41 68.58 27.29 65.71 31.07 69.97 28.90 73.83 28.11
312111 65.07 23.78 63.02 25.14 49.15 27.41 42.70 27.86 49.12 27.76 64.71 28.05
313111 68.05 24.42 65.92 24.43 57.12 26.90 53.52 30.93 57.05 27.94 67.15 26.06
313112 42.74 30.86 41.82 31.70 33.46 27.10 26.72 24.79 32.43 26.20 .54.93 30.40
314112 38.11 32.91 37.52 33.87 29.12 26.46 23.11 25.71 26.65 25.80 52.48 31.39
314113 18.41 27.80 20.91 30.12 16.34 22.75 14.90 22.25 15.15 21.61 43.80 31.42
315113 19.14 25.94 18.09 25.90 16.11 22.06 12.61 18.79 13.74 17.63 40.44 29.39334231 19.53 26.28 19.51 27.66 16.33 20.41 10.92 15.09 14.29 19.15 36.83 31.37
411111 65.29 24.98 61.82 27.29 62.16 .26.88 65.58 31.37 66.29 29.85 65.34 30.84
412111 66.29 26.05 63.32 26.62 52.37 27.04 47.37 29.38 47.87 27.86 65.50 29.12
413111 64.21 25.94 61.84 27.11 54.25 27.50 47.83 30.13 56.20 29.68 65.79 29.27
414111 46.78 29.75 47.77 30.19 36.17 26.59 30.17 26.87 35.34 28.88 56.42 29,64
414112 41.38 29.15 38.09 29.71 31.61 26.95 23.72 24.84 29.53 :27.49 50.33 30.43
415314 10.95 21.64 10.99 21.85 10.17 19.16 8,59 16.85 10.84 21.37 29,92 29.09
513111 52.99 29.70 51.78 31.02 43.04 27.52 35.89 28.53 40.66 26.99 59.43 28.43
514111 42.51 29.27 41.65 30.15 34.52 25.27 28.16 26.71 .33.55 28.62 53.58 29.91
515223 16.27 25.78 13.77 25.78 12.68 18.58 11.60 17.07 13.93 19.19 32.54 25.54
515311 22.51 26.59 21.47 26.79 .21.73 26.23 15.15 19.04 19.24 22.59 43.87 31.72
515431 10.97 19.17 12.63 22.43 16.02 22.06 15.14 21.29 18.57 25.22 31.38 27.75
521111 56.13 31.65 53.27 32.58 46.59 30.53 40.62 31 18 42.27 31.9 60.75 30.60
525111 20.26 28.16 19.46 28.33 16.01 22.13 12.96 19.46 15.58 22.31 43.70 30.63
535111 20.70 27.14 18.21 26.50 17.14 21.2w 12.03 15.76 15.84 22.94 40.11 29.88

Average 47.70 46,24 40.24 35.75 38.99 56.54

NOTE: S.D. = standard deviaticn.
a In order of severity, beginning with control symptom complex (normal).

bFor description of tasks, see p. 48.
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Table 30. Summary of multiple regression analysis
for six ordinary tasks.

, Weights for Tasks
Symptom

Component 1 2 3 4 5 6

*" Upper gastrointestinal
distress -0.177 -0.176 -0.172 -0.150 -0.143 -0.155

Lower gastrointestinal
distress -0.116 -0.127 -0.105 -0.107 -0.126 -0.074

Fatigability/
weakness -0.286 -0.273 -0.307 -3.337 -0.306 -0.143

Hypotension -0.072 -0.065 -- -- -- -0.055
Infection and bleeding -0.081 -0.074 -0.085 -0.058 -0.068 -0.091
Fluid loss -0.234 -0.228 -0.220 -0.182 -0.213 -0.184

Adjusted R2  0.37 0.36 0.33 0.32 0.31 0.18
F (6, and 3742) 373.69a 34 3 .7 0a 311.97a 344.46a 336.31a 139.58
Standard error 27.57 28.16 26.48 27.12 27.42 29.30

NOTE: Values of 8 tested with F statistic; df.= 1, and 3742; signifi-
cant at p < 0.05.

ap < 0.001.
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Appendix A

-SAPLEQUETIONNAIE

Appepdix A igcludes examples of the format common to all four ver-

sions 9f the questionnaire with additional paragraphs and pages inserted

vi.henever tha text differed-forvthbiffrnye fces Common

19 mAt 1or .the -questionnaire is:

* Demographic questions (e.g., for gun cr'ew).-

" Crew-peculiar demographic questions for,',PnC, tank, and TOW

crews.

*Instruction sheet (e.g., for-gun, crew)-.

* Crew-peculiar 'instruictions-for F1DC, .aak,,i ad TOW crewq.

Also included is one example of the foitrat for the questionnaire

pages, with additional segments where the'"form~at was, crew-pecullar.
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DIMOGRAPHIC QUESTIONS ON GUN CREW QUESTIONNAIRE

To help us to understand the characteristics of this group, we are asking

you to supply some information about your military experience. Please

note that ail your questionnaire responses will be strictly anonymous and

there will be no attempt to link these responses to you as an individual.

The answers to the information below will be used only for descriptive

purposes.

Please supply the following information about yourself:

Your present grade and MOS?

How long have you been in the Army?

How long have you been in artillery?

Have you been in combat? Yes No When

Have you been in artillery combat? Yes No

When

Have you served as a: When? How long?

Chief of Section

Gunner

Assistant Gunner

#1 Loader

Approximately how many men have you supervised on 155 SP Gun Crews?

2 5 10 20 50 More than 50

Briefly describe your military duties during the past year:
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CREW-PECULIAR DEMOGRAPHIC QUESTIONS ON QUESTIONNAIRE

FOR FDC CREWS

Have you served as a: When? How long?

FDC HCO

FDC Computer

Approximately how many crewmen have you supervised in FDCs?

2 5 10 20 50 More than 50

FOR ARMOR CREWS

How long have you been in Armor?

Have you been in combat? Yes No When

Have you been in armor combat? Yes No When

Have you served as a: When? How long?

Tank Commander

Gunner

Loader

Driver

Approximately how many crewmen have you supervised in Armor?

2 5 10 20 50 More than 50

FOR TOW CREWS

How long have you boon in anti-armor?

Have you been in combat? Yes No When

Have you been in anti-armor combat? Yes No When _-

Have you served as a: When? How long?

Squad Leader

Gunner

Loader

Driver

Approximately how many crewmen have you supervised in Mounted TOWs?

2 5 10 20 50 More than 50
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INSTRUCTION SHEET FOR GUN CREW QUESTIONNAIRE

INSTRUCT IONS

You are asked to give your best judgments regarding the ability of

combat-ready soldiers to perform basic tasks under various conditions of

illness. Performance is defined here as the amount of time needed to do

a task such as load, arm, aim, track, etc.

On the questionnaire will be listed a set of several basic military

and nonmilitary tasks. For convenience, a "usual" time is listed next

to each task for you to use as a reference. The "usual" time refers to

the number of seconds needed for a healthy (nonsick) crew member to:per-

form that task.

I will describe several different sets of symptoms which: are associa-

ted with various dosages and time intervals of radiation.

For each estimate, think about the symptoms described. On the basis

of your experience with soldiers you have supervised and observed,: esti-

mate the number of seconds you think it would take for a typical or average

soldier to perform the task. Do not worry about being consistent from - -

symptom to symptom - rather just consider the particular symptom set and.

task you are rating and use your best judgment.

In addition, there are no right or wrong answers for what we are ask-

ing. Different individuals may react differently to the various levels of

illness.

For the purpose of this questionnaire assume that this is the situation:

* The crew has been actively engaged in a battle in which tactical

nuclear weapons have been used and the crew has been exposed to

radiation.

* Crew members are all well trained and experienced, are well led,

and motivated to do their best. They expect a call for fire at

this time and are prepared for it.

o It is daylight and the crew members are not wearing MIOPP gear or

other protective gear (such as masks).

• The crew is called upon to perform an immediate suppression mission

on an unplanned target, where responding quickly is essential.
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" The weapon is a 155mm self-propelled Howitzer M-109. Obtaining

the projectile, cutting the powder and setting the fuze do not

de-lay other tasks.

* A change of 100 mil in both azimuth and elevation is required for

the maneuver.

Here is an example of the format you will be using to make your

ratings: . .........

How much longer do you think it would
take a crew man to do each task if hethe usul had these symptoms?

time for ________

each task Increase Could not
is about: No increase in time do it

in time (see) at all

Task 1 x sec

Task 2 y sec

Task 3 z sec

For each rating you have three options. Given the symptom and task

you may feel that:

(1) the task would not take any longer from the usual time. In

that case, check the box in the column labelled "No increase

in time."

(2) the task would take longer than usual. In that case, estimate

the number of seconds you think it would take and write that
inber itt the coluin labelled "Increase in time."

(3) the task could not be performed. In this case, you would check

the box in the column labelled "Could not do it at all."

For three of the nonmilitary tasks, you are asked to make a somewhat

different judgment, whichl is how. many times you could continue Lo perform

the task. When we work through the example, I will describe this task more.

Finally, after you have made your estimates, you are asked to estimate

your confidence oii the following scale:

None Not Mut Some . .A Lot Certain

Please rate how much confidence you have by circling the appropriate

number.
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CREW-PECULIAR INSTRUCTIONS FOR FDC, TANK, ANT TOW CREW QUESTIONNAIRES

FDC CREWS

* The crew is called upon to perform an immediate suppression

mission on an unplanned target, where responding quickly is

essential.

* The target location is given in grid coordinates.

* A manual procedure with handheld calculator assist is used. No

FADAC or TACFIRE support.

TANK CREWS

* Defensive mission. Start from turret defilade

* The action involves acquiring target, advancing 20 ft., stop,

and fire.

* Stationary tank/moviug target. Precision range.

TOW CREWS

For the purposes of this questionnaire asswno that this is the situation:

* It is daylight and the crew mumbers are not. wearing MOPP gear

or other protective goar (such as masks).

* The crew has been actively engaged in a battle in which tactical

nuclear Weapons have been used and Lite crew has been exposed to

radiation, but are not otherwise injured anid tere has been aot

damage to thoir equipment.

* Crew members are all well trained and experienced, are well led,

and motivated to do their best. They expect. an engagement at

this time and are prepared for it.

* Tht~ crew has positioned their vehicle on the approach route of a

formation of enemy tanks. They intend to engage the tanks one-by-

one, starting at maximum range, and continue firing until forced

to withdraw.

* They will move from one firing position to inother between re-

loadings, but the vehicle will be stationary during reloading.

* Firing positions are soumecwhat more titan a hiundred meters apart,

and are unprepared but well marked.
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On one of the military tasks you are asked to estimate the ability of

a typical crew member to track the target at a distance of 3 km during

missile flight when he is sick. For this question, assume that a healthy

crew member has a 90% chance of staying or the target during the last

6 seconds of missile flight.

Here is an example of the format you will be using to make your ratings:

Estimate the chance of staying on the target during the last 6

seconds of flight (90% usual chance)

For this question please enter in the space provided your estimate of

the chance that the sick crew member would stay on the target during the

last 6 seconds of flight. If you think that he could not track at all dur-

ing the last 6 seconds, then please write in "0".

In addition to the TOW tasks, you will also be asked to make ratings

for several ordinary (nonmilitary) tasks. I will describe these tasks

when we step through the example. Here is the format for four of these

7* tasks:

1. 11ow many flights of stairs could a crewman climb quickly
before. becoming breathless? lht

2-. How loup could a crewimn kep walking at. a brisk pace

before his logs get tired?
minutes

3*. 1ow many heavy boxes could a creuviat keep lif tin-g f Voin the
floor to a table before he would have to stop and rest?

-boxes

.4. low ltip4 would it take a crew wn to open a simple 3-tumbev
combinationl lock?

secontds

Please take a peticil itow and write it% how long or how many times you

think a typical crewman could do these ordinary tasks if lie were not sick.

Filially, after you have made your estimatus, you ate asked to esti-

mate youe confidence oil the following scale-

2 1 3 4. I 5 I
Noll .  Not Mtuch Soule A Lot Certain

Please rate how much confidence you have by circlin the appropriate

number.
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EXAMPLE OF SYMPTOM COMPLEX PAGE FROM GUN CREW QUESTIONNAIRE

312111

DESCRIPTION OF ILLNESS-

Nauseated; considerable sweating; swallows frequently to

avoi4 vomiting; somewhat tired with mild weakness.

CREW TASKS

[tow much longer do you think it
would take a crewman to do each

The usual task if he had these symptoms?

time for
TASKS each task increase Could not

is about: No increase In time do it

CREIWCDER In time (see) at all

CHIEF OF SECTIOSeceive fire order and

call qudrant elevatiot, 3 se
deflection proAsctlle,

*.TWYK0, lure

Reverse tobeo and Wlel
btsbblo

Set 44dant elevation - -

Kievate tub@ aod ieiol

IA I

Litt Pruolevtit to tt~y

Faeit te as4 itt

viO vftw*4ig @jea iii

iwatab (414 nvw h4 1 7.ZC 2
4W~r~tiv1,.4,0fl 6est~lS

"e,&4-f hi - I40 t~f,-

t to I .. ... .I I .. v 7 . .

.Pow wNIJ is Iu tc.) w ib9 a a

I. P8 Ie UVA ; l~t 5 ' t"t.* I A IAt
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FDC CREW-PECULIAR TASKS ON SAMPLE SYMPTOM COMPLEX

PAGE FROM QUESTTONNAIRE

CREW TASKS

How much longer do you think it would
take a crewman to do each task if he

The usual had these symptoms?
time for

TASKS each task Increase Could not
is about: No increase in time do it

CREWMEMBER in timne (sec) at all

FIRE DIRECTION OFFICER

Announce fire order 2 sec

Review calculations 5 sec

Announce fire mission 3 see

11ORIZONTAL CONTROL OPER4\TOR

Plot target location on see
chart

Orient deflection protractoI see

Read range, deflection 3 see
by protractor

COMPUTER

Calculate fuze settiug,
deflection and quadrant 15 seu
elevation

Atnountce fire cot inds3
to Butts
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TANK CREW-PECULIAR TASKS ON SAMPLE SYMPTOM COMPLEX

PAGE FROM QUESTIONNAIRE

CREW TASKS

How long do you think it would

The sual take a crew man to do each task if hetime foa had these symptoms?

TASKSeach task Amount Could not
is about: No increase of time do it

CREWMEMBER in time (sec) at all

TANK COMMANDER

Issue fire command 1 sec

4

w* Range the target 5 sec

Depress and lay gun 3 sec
for direction

* Issue subsequent 4 see
fire command

JGMINER

Identify target 1 see

Aim and fire 6 see

Apply fire adjustment 7 ee
and fire

LOADI.R

Arm I sec

Load aind arm 5 sec

DRIVER

Stop 4 sec
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TOW CREW-PECULIAR TASKS ON SAMPLE SYMPTOM COMPLEX

PAGE FROM QUESTIONNAIRE

CREW TASKS

How long do you think it would
take a crewman to do each task if hethe fsul had these symptoms?

time for _______________

TASKS each task Amount Could not
is about: No increase of time do it

in timeo i

CREWMEMBER in time (sec) at all

SQUAD LEADER

Designate azimuth and 4 sec
target

Command driver to firing 2 sec
position

! GUNNER

Set superelevation, erect,
slew 100 to designated 17 sec
azimuth

Acquire targets 1 sec

Adjust magnification, 4 sec

identify, and arm

Select target and fire 3 sec

DRIVER

From standstill, drive 20 sec
forward 40 ft and stop

LOADER

Reload 60 sec

Rearrange ready rack 60 sec
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Appendix B

SYMPTOM DESCRIPTIONS

Appendix B includes a list of symptom categories and descriptions

in order of severity. These symptom sets were used to construct symptom

complex descriptions and their corresponding six-digit numbers.

The symptom categories and their descriptions were devised princi-

pally by George Anno of PSR, and other members of the IDP Core Group

(Table B.1). Six symptom categories are described in symptomatic termi-

nology. Each of these categories contains a list of five symptoms rang-

ing from the least severe (number 1) to the most severe (number 5).

Table B.2 lists the 30 symptom complexes used for all crews in order

of appearance on the questionnaire. Ten additional symptom complexes are

given at the end of the table. These symptom complexes were used on the

TOW questionnaire, making a total of 40 symptom complexes for that crew.
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Table B.l. Symptoms in order of severity used on questionnaire.

Upper gastrointestinal distress
1. No effect.
2. Upset stomach; clammy and sweaty; mouth waters and swallows

frequently.
3. Nauseated; considerable sweating; swallows frequently to avoid

vomiting.
4. Vomited once or twice; nauseated and may vomit again.
5. Vomited several times including the dry heaves; severely nauseated

and will soon vomit again.

Lower gastrointestinal distress
1. No effect.
2. Feels uncomfortable urge to defecate.
3. Occasional diarrhea; recently defecated and may again.
4. Frequent diarrhea and cramps; defecated several times and will again

5. Uncontrollable diarrhea and painful cramps.

Fatigability/weakness
1. No effect.
2. Somewhat tired with mild weakness.
3. Tired, with moderate weakness.
4. Very tired and weak.
5. Exhausted with almost no., strength.

Ilypotension "
1. No effect.
2. Slightly light-hoaded.
3. Unsteady upon standing quickly.
4. Faints upon standiog quickly.
.5. In shock: breathes rapidly and shallowly, motionless, skin cold,

clammy, and very pale.

infection and bleeditg
1. No effect.
2. Mild fever and Ieadache-like starting to come dowvi with flu.
3. Juints ache, ,onsiderable. sweatig; moderate fever; does not want

to eat, Sores in mouth/throat.
-4. Shakes and chills and aches all over; difficulty in !toppitg any

bleeding.
5. Delirious, overwhelming infections; cannot .stop any bleedinig.

Fluid loss aid electrolyte iwbalance
1. No effect.
-2. Thirsty and hsis dry mouth; weak and faitt.
-3. Very dry mouth and throat. hadach, rapid heArtbeat and Way faint

with utodcrate exertion.
4. Extremely dry wouth, throat, skin. and very painful headache; has

diffitulty moving; short of breath, burtting ukin and eyes.
S. Prostrate.
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Table B.2. List of symptom complexes used on questionnaires.

Symptom
Complex Description

411111 Vomited once or twice; nauseated and may vomit again.

515431 Vomited several times including the dry heaves; severely nause-
ated and will soon vomit again; exhausted with almost no
strength; faints upon standing quickly; joints ache, consider-

.able sweating; moderate fever; does not want to eat; sores in
mouth/throat.

114111 Very tired and weak.

515311 Vomited several times including the dry heaves; severely nause-
ated and will soon vomit again; exhausted with almost no
strength; unsteady upon standing quickly.

213111 Upset stomach; clammy and sweaty; mouth waters and swallows
frequently; tired, with moderate weakness; strength somewhat
reduced.

413111 Vowits once or (wice; (up to 4 episodes); nauseated and may
vomit again. Tired, with moderate weakness.

311111 Nauseated; considerable sweating; swallows frequently to avoid
Vomiting.

313111 Nauseated; contiderable sweating; swallows frequeLtly to avoid
vomiting; tired, with moderate weakness.

515223 Vomited several times iacluding the dry lieaves; severely nause-
ated and will soon vomit again; exhausted with .almost no
strength; slightly light-headed; wild fever aud headache--like
starting to eome dowa with flu; very dry woutIh and throat,
headache*, rapid heartbeat and may faint with moderate exertion.

414112 Vortied once or twice; nati eated and may vomit again; very
tired and weak; thirsty and has dry mouth; weak and faint.

535111 Vumitod several times iicluding the dry heaves; Neverely nlause-
Jted and will sooo vomit agaiin oc&astonal diarrhea, reAently
defecated aud may again; hausted with alwuat no strenggth.

112111 Somewhat tired with mild weakness.

514111 Vomited everal times it.ludiug the dry heaves; severely flause-
ated atid will soon vomit again; very tired and weak.

313112 Nauseateid; eontsiderable .weating; swa I lows frequen ltly to avoid
vomiting; tired, with moderate weakuess; thiTscy and has dry
moutl, teak and taint,

315113 Naiusoated; etimslderable sweati ig; swallows £requeut ly to avoid
vomitiog; exhausted with almost tio strength; very dry mouth
aiid throat, Ileadaehe; rapid heartbeat and may faint with moder-
ate exertion.
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Table B.2. Continued.

Symptom
Complex Description

513111 Vomited several times including the dry heaves; severely nause-
ated and will soon vomit again; tired, with moderate weakness.

123111 Feels uncomfortable urge to defecate; tired, with moderate
weakness.

334231 Nauseated; considerable sweating; swallows frequently to avoid
vomiting; occasional diarrhea and cramps, defecated several
times and will again soon; very tired and weak; slightly light-
headed; joints ache, considerable sweating; moderate fever;
does not want to eat; sores in mouth/throat.

113111 Tired, with moderate weakness.

521111 Vomits several times including the dry heaves; severely nause-
ated and will soon vomit again; fools uncomfortable urge to
defecate.

113121 Tired, with moderate weakness; wild fever and headache--like
starting to come down with flu.

211111 Upset stomach; clammy and sweaty; mouth waters and swallows
frequently.

224111 Upset stomachl clammy and sweaty; mouth waters and swallows
frequently; feels uncomfortable urge to defecate. Very tired
and weak.

41531.4 Vomited once or twice; nauseated and may vomit again; exhausted
with almost no strength; unsteady upon standing quickly; ex-
trevely dry moth, throat, skin and very painful headache; Iws
difficulty moving; short of broath; burning.skin and eyes.

312111 Nauseated; .onsiderable sweating, swallows frequently to. avoid:
vomiting; somewhat tired with mild weakness.

314112 Nauseated; ,onsiderable sweating; swallows frequently Lo avoid
vomiting; very tired aud.weak; thirsty and Irts dry mouth; weak
and faint.

314113 Nauseated; ronsiderable sweattini; swallows frequently to avoid
vomiting; very tired and weak; very dry munith and throatt,
headadhe; rapid heartbeat aud may faint with modera te exertion.

412111 Vomited one or twie; nauseateQ and my vomit again; somewlat
tired with mild weaknetss.

414111 Vomited once Or wice; nauseated and may vomit again; very
tired and weak.

525111 Vomited several times iicluding the dry heaves; severely nause-
ated and will sooi vomit agaii; feels4 nnromfurtable urge to
deftetr; e.ihatsted witit almost io strength.
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Table B.2. Continued.

Symptom
Complex Description

111121 Mild fever and headache--like starting to come down with the
flu.

112121 Somewhat tired with mild weakness; mild fever and headache--
like starting to come down with flu.

212111 Upset stomach; clammy and sweaty; mouth waters and swallows
frequently; somewhat tired with mild weakness.

112131 Somewhat tired with mild weakness; joints ache, considerable
sweating; moderate fever, does not want to eat; sores in mouth/
throat.

111131 Joints ache, considerable sweating; moderate fever; does not
want to eat; sores in mouth/throat.

113131 Tired, with moderate weakness; joints ache; considerable sweat-
ing; moderate fever; does not want to eat; sores in mouth and
throat,

214112 Upset stomch; clammy and swetity; mouth waters and swallows
frequeptly; very tired and weak; thirsty and has dry mouthl;

4'weak and faint.

314111 Nauseated; considerable sweating; swallows frequently to avoid
vomiting; very tired and weak.

214113 Upset stomach; lamay and tsweaty; mouth waters and swallows
frequently; very tired and weak& .very dry mouth and throat;
headache; rapid heartbeat and .ay faint with muderate e~ertion..

114112 Tired a"t4 weakt thirsty atid has dry MonIth; weak aod faint.
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Appendix C

RESULTS OF FOLLOW-UP QUESTIONNAIRE

The tables in this appendix summarize the results of the question-

naire that was administered a second time at the four sites. All respon-

dents had completed the survey questionnaire before taking the revisit

questionnaire. The number of respondents in each of the four crews

who received revisit questionnaires was as follows:

Artillery gun ......... 6
FrC ..... 10......... 10
Tank .................... 27
TOW t At9 40

All data were collected in a group administration similar to procedures

for the original questionnaires.

Table C.1 shows the percentage of responses in each of the four groups

4 for questions regarding tow symptom descriptions were interpreted by

respondents. The crews were generally consistent in their interp r eation

of these questions, as can be seen by louking at the given percentages.

Uespoundents were also asked to identify syoptoms. that would have a

negligible or serious effect on specific ilitary aud toluailitary -tasks

.by marking each task with an "X" (serious) or "0" (inegligible).

Tables C. thirough C.5 presunt tho percett of respondents il each

crew who believei that specific military tasks wuld be seriously do-

graded by the sywjtows listed. Tables C.6 through C.9 show the perenut

of respondents who believed that symttom effects would be legligible
- on performattce of the tasks.

On thuse tables the different tasks are showt as raw entries at each

* - ymptom complex. The tasks referenced by the table fur questioniaires 1,

2, and 3 are the same as on the survey questiwniaire (see Table 6, p. 60).

For questionnaire 4 the tasks used on the survey were broken down itto

18 saIler units, as follows:
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1. Designate azimuth.

2. Designate target.

3. Command driver to firing position.

4. Set superelevation.

5. Erect.

6. Skew 10 deg to designated target.

7. Acquire targets.

8. Adjust magnification.

9. Identify.

10. Arm.

11. Select target.

12. Fire.

13. Track target.

14. Start from standstill.

15. Drive forward 40 m.

16. Stop.

17. Reload.

18. Rearralige ready rack*

Tables C. 10 and C. 1.1 sho~w the pereelltage of -respondents ac~ross the.

artillery gun, FUC, and t'ank crews who astitwitid that- Verf ormance of the

six ordillary tasks would be seriously or niegligibly affected. WeSpoindeuts.
from the TOW crew were not asked to rate thoise t a ks a h Six ts

shown sequetially acrosS each row.. were the aw as, -Olt tile origiina.

sulvey.
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Table 0.1. Results of responses to revisit questionnaire
for four crews.

Crew Responses(%

Ar til-
lery

Questions on Symptom Descriptions Gun FDC Tank TOW

YaM MW !!M:l DID SAT MW TO O. (Check .me)

Vato 4U S ti fs te- 1pA041 i&1 acconv mIQ slg ht k 66s5567e0t.
CAtile the "s? Jo~ 5006. 227.

ulIIAIS.IS the AtA*ns
@a Veat AIWAh iahL 33.3 44.4 $2. 5.5

Ou~a.esa uletite. Osdea atcau 6ftat ebe ah V 16,7 22.2 56.0 Z0.5
IbstenIM beget 4ad aftm. bat

do e~e h ta" ~ j 8. 71.9 44.0 79.S

t~wi 4""U& "A. 04. 56.8
dAIitd la w ,T gift# tad 11 0.0 010 317 3.1

jw 1:1 0.0 O Ma~ 5 sale

100.0 n.,& Mll.h 71.0

___um____ is-I.
.. U-3

__ ~ ~ ~ ~ ~ ~ ~ Q 604__________' ~ ::

A'~d' I*4Ii Il~
1It d~ trs* .ott4 0 1A.;9 1. ' .- 1,1.
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Table 0.1., Continued.

-Crew Responses(%

let y
Questions on Symptom Descriptions Gun FDC. Tank TOW

alinots tfcqj4*se 0.i M66. 3Zt3 23.1

laRtc u te ssIVO&O5 16.7 77.8a 44.4 302.

Orm alt~in,0.0 66.3 63,0 30.0

_____________________ 607 6.9 0,4 67.5
Miens sstragiva"s1,jIJ6. .9 50

O~sat te*- u 0.0 lilt 7.4 6.1

aue a f ~16ts 6#rlit f 66.? 4U.4 ItO 00
Mitst 01700 Oeb 6 ha"s ts "WO 3. 0.0 33.2 3.

S0.0 t.4 t. 10.0

Oflt4ftf he vo AM t m 1.? lilt 1.4 1.

Mt~*51t~i~4taws 0.0 lilt 1, 10,0

IMA Wt____ol______m_______ 63,1 18. 14.1 $6.0

- n16.1 11A 1045 1510

!!!n! 4411th abs e .O.. lil O.0 10..
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Appendix D

TASK ANALYSES RESULTS

Appendix D summarizes the results of analyses of individual mili-

tary tasks used to compute the measures of crew positions in each crew.

The data include (1) the percent of respondents who rated task perform-

ance in the no effect and cannot do categories, and (2) the mean

expected percent of normal task performance for each of the four crews.

The order of tasks is the same as was listed on the questionnaire.

Two sets of summary results are presented. The first set, Tables

D.1 through D.8, contains the measures listed above unadjusted by the

control complex symptom 112111. Tho second set, Tables D.9 through

D.16, contains mean task performance percentages normalized for each

respondent by dividing ratings for symptom complex 112111 by their

respective ratings.

N?
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Appendix E

ANALYSIS OF CONFIDENCE RATINGS

The results of two analyses performed on the confidence ratings are

summarized. The respondents were asked to estimate how confident they

were of their judgments on a scale of 1 to 5 (1 = not at all and 5 = cer-

tain), after they completed ratings at each symptom level. Therefore,

there was a confidence rating supplied by respondents for each symptom

set.

First, differences in the distributions of confidence ratings were

compared across crews, in terms of the frequency of responses in each

of the five categories. Table E.1 shows the median response across

crews and the percent of responses in each confidence level for each

crew. Approximately 1.2 percent of the responses were missing across

the four crews, leaving a total of 3820 confidence ratings. Most re-

spondents rated their confidence as a lot (category 4) or some (cate-

gory 3), across symptoms. Only 4.4 percent of the responses fell into

the lower two levels, suggesting respondents were, on the whole, cou-

fident of their ratings,

There were no outstanding differences among the four crows witih re-

spect to the distribution across the classes and only minor differences in.

Ltho median. This equivalence between crews was surprising because of the

Table E.l. Di.stributtotA of responses to confideice. 1evels
1 through. 5 across 30 symptom sets for four
crows.

Co(fidenee Level (%)
Crew 1 2 3 4 5 (%)

Artillery gun 0.2 3.0 43.4 40.4 13.1 3.50
F!UC 0.5 4.4 37.4 49.0 8.7 3.66
Tank 0.5 4.2 40.6 41.4 41.4 3.61
TOW 1.7 2.3 36.6 50.0 9.4 3.69

All crews combined 0.8 3.6 39.1 45.5 11.0 3.65
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differences between the artillery groups, on the one hand, and the tank

and TOW groups on the other hand, in pay grade, experience, and super-

vision. This lack of substantive differences between the crews suggests,

that these demographic characteristics were uncorrelated with the ratings.

The second analysis compared the distribution of confidence levels

between symptom sets, in order to examine whether the severity of symp-

toms would affect the confidence ratings. Table E.2 shows the median

response and distribution of responses across the five categories at each

symptom level. The symptom sets are ordered in terms of the rank order

of severity across the four crews. Combined crew responses are shown

and it was found that analysis of the separate crews did not reveal note-

worthy differences among the crews. Tile symptom sets generally did not

differ substantially in the distributions across confidence levels. Most

responses were made at confidence levels of 3 and 4, and responses in the

two lowest confidence level categories were relatively infrequent. Fur-

thermore, the range of confidence level medians, between a low of 3.46

-percent for symptom set 313112 and a high of 3.88 percent for symptom

set 112111, indicated that there was not much diversity across the

5yu~pt4)Ias

There appeared to be a moderate trend to be more confident at the

ends of the soverity continuum. The wedian for the five wildest symptoms.

was 3.76 percent; fox the middle five sympt o s, 3.63 percent, and for

tile five severest sywptoms, 3.70 percent. Perusal of the distributio.

for the Symptoms involved suggested that responses for wilder styptoms
were somewhat more tfrequently grouped at the upper end of the scale. At

the severe levels there -appeared to be a tendency to use both ends of

the scale. ilowever, hese Li1denies are Swll ompared with the sub-

stantial agreement in the distribution.

~146•



Table E.2. Distribution of responses to confidence levels
1 through 5 as function of perceived severity
of symptom sets across crews.

Confidence Level (%)
Symptom Median
Complexa 1 2 3 4 5 (%)

112111 0.8 3.2 24.2 57.3 14.5 3.88
113111 0 2.3 32.0 51.6 14.1 3.80
311111 0 3.9 41.1 45.0 10.1 3.61
211111 0 1.6 34.9 49.6 14.0 3.77
113121 0 1.6 37.8 50.4 10.2 3.71
213111 0 1.6 44.9 44.1 8.7 3.58
313111 0.8 3.2 44.4 42.1 9.5 3.54
412111 0 4.0 38.9 46.0 11.1 3.65
123111 0 3.9 41.9 44.2 10.] 3.60
411111 0 1.6 39.5 51.2 7.8 3.67
312111 0 3.9 43.3 43.3 9.4 3.56
413111 0.8 4.8 43.7 44.4 6.3 3.52
114111 0 4.0 37,3 51.6 7.1 3.67
521111 0 2.3 42,4 42.4 9.3 3.63
513111 0.8 3.9 40.6 46,9 7.8 3.60
414111 0 3.9 37.8 48.0 10.2 3,67
224111 0 4.7 43,0 44.5 7.8 3.55
.313112 0.8 2.3 48.8 38.0 10.1 3.46
514111 1.6 3.1 39.4 48.8 7.1 3.62
.414112 1.6 3.1 -42.5 44.1 8.7 3.56
314112 0.8 4.8 45.2 38.9 10.3 3.48
515311 1.6 3.9 39.8 43.5 9.4 3.61
•314113 1.6 3.0 40.9 41.7 11.8 3.64
52511H 1.6 4.0 37.3 42.1 15.1 3.67
315113 2.4 5.6 35.7 42.1 .14.3 3,65
331231 2.3 5.5 34.4 45.3 12,5 3.67
535111 .0.8 3.1 38.8 44.2 13.2 3.67
515223 1.6 3.1 33.6 44.5 17.2 376.
515431 2.4 2.4 36.5 43.7 15.1 3.70
4.15314 1.6 4.7 31,3 43.8 18.8- 378

All symtptigu
complexes combilked 0.8 3.6 39.1 45.5 11.0 3.65

li order Of seOverity, beginlilg with coo~tral SY%4)tt(

cu1ex (uurm~a 1).
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ATTNz Commnder ATTN: NOP 654, Strat Eval & Analysis Br
TN. . ATTN: NOP 91

Naval Electronic Sys Enginerin9 Center ATTN: HOP 955, AAMW DivATTN; Coile 04 " - - .. ATTNz NOP 981

ATTN: Code 404HS 2 cys ATTN: NOP 403

Naval.Facilities Engineering Conwm i Oft of Naval Research
ATTN; Code 132E. ATTN: Code 713

Naval Inteligeme Support tr. CNO Exec Panel, Ofc of the Ch of Naval. Opns
ATTN- NISC-30 ATTh: OP-OOK

Naval Investigative Svrs Oporational Tost & Eval Force
AyTt: NlIIC-2A ATTN. Commander
ATTY: NOP-009D)
ATTN. 0.9/NIS/243 Operatiounal Test & Eval Force, Pacific

- ATTN.: Dep Comiandoe
N . aval I cean Systems coMer

- AlT: Code 4471, Tech Lib . ep Ch of Staff, Plans, Policy & Opns
AN:. Code-P

a val Peronlwl Res % ov Ctr ATN: Code-POC-30
• .:' Af"yn! Code P302 'f 'CdeSpace & Naval Warfare Systems Cmd

N val PotQrAduate School ATTN, ME 121-3
ATTNW Code 1424, Library:-S.t. • , : -. : tgc Systc'ms Pro grams;, PH-1

Naval Reseorclt iattoratory. :-.ATN: Code SPI13
AtTH: Code 140
ATTN, Code 2621, Tech Lib -ubt i i e I'orw, US Atlantic Fleet

ATTN: couanlder
AIiv . SEA-09G53, iA .a .a irw ,ort.e, US Pacific Fleet
AITN: SEA-643 * ATYN: Caiaader

Naval Sul-face F'orce, US -Atanltie Fleet Sbayine G1,,40 .
• ATTN- Owande ". ATTN" Cot oovder

Navil Surface Fw'ce, US Pacific FI..L -Sub irbwe t-Guro
AiTN; Coande-. ATTN: Comander



DEPARTMENT OF THE NAVY (Continued) DEPARTMENT OF THE AIR FORCE (Continued)

Submarine Group 6 Air Force Weapons Laboratory,
ATTN: Commander ATTN: SUL

Submarine Group 7 Air Training Command
ATTN: Commander ATTN: Security Police

Submarine Group 8 Air University
ATTN: Commander ATTN: AU/SP

ATTN: Strategic StudiesSubmarine Group 9

ATTN: Commander Air University Library
ATTN: AUL-LSE

Tactical Tng Gp, Pacific ATTN: Library
ATTN: Commander

Assist Ch of Staff, Studies & Analysis
Tactical Wings Atlantic 2 cys ATTN: AF/SAMI, Tech Info Div

ATTN: Commander
Assist Ch of the Air Force, Rsch, Dev & Logistics

Commander in Chief, US Atlantic Fleet ATTN: SAF/ALR
ATTN: J2
ATTN: Physical Security Dep Ch of Staff, Rsch, Dev & Acq
ATTN: Plans & Operations ATTN: AF/RDQI

Commander in Chief, US Naval Forces, Europe Dep Ch of Staff, Plans & Opns
ATTN: N54, Nuc Warfare Officer ATTN: AFXOOIR
ATTN: Special Opns ATTN: AFXOXFM, Plns, Frc Dev Mun Plns

ATTN: AFXOXFS, Fre Dev, Strat Off Frc
US Navy Second Fleet

ATTN: Commander Electronic Systems Division
3 cys ATTN: Physical Security Sys Directorate

US Navy Seventh Fleet
ATTN: Commander Foreign Technology Division

ATTN: CCN
US Navy Sixth Fleet ATTh: SDN

ATTN: Commander ATTH" TQTM

US Navy Third Fleet Military Airlift Conmiand
ATTN: Comiander ATTN: Security Police

Comziander in Chief, US Pacific Fleet Comwander in Chief, Pacific Air Forces
ATTN, J-2 ATTN: Security Police
ATTN- Physical Security ATTN: XP
ATTN' Plans & Opns

Space Comcmnd
EPARYIENT OF TilE AIR FORCE ATTN- Security Police

Aeronautical Systems Division Space Division
ATTN: XRO/MAF ATTNi Y11, DSCS II

Air Fo-ce Strategic Air Comwand
ATTN* INA -ATTN Seurity Police

ATTN: ADWN
Air Fo'ce AYIN, :NRI/STINFO.

ATTN: .INT ATTN. SPD
ATTNt STIC, 544SiW

Air Force Logistics Co tmand ATtN, XOXO
" ATTN: Security Police AITNt XPQ

ATTN: XP1
Air Force Ofc of Special Investigations

ATTN. IVS Tactical Air Co wind
Ar YN Security Poltce

Air Force Office of Security Police AYTNt TA(;/XPJ
2 cyi ATTN: AFOSP/SPPC ATITN: YAA/XPS "
2 cys ATTY: AIVOSP/SPPX
2 cys ATTN: SPOS-SPPC US Air fowc Acadet .y

ATTN: Lilrary
.Air Force Systems Comwad ATTN: St'ategIc Stude,.."

ATTNt CL ATTNt USAFA/SP
ATTNt SD
ATTN. Security Police US Aii rFu'oc in E!urope
ATT" XR 2 cys ATTN. UWAIEISP
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DEPARTMENT OF THE AIR FORCE (Continued) OTHER GOVERNMENT AGENCIES (Continued)

US Air Force Inspector General Central Intell Agency
3 cys ATTN: IGS ATTN: Counter-Terrorist Group
3 cys ATTN: IGT ATTN: Dir of Security

ATTN: Medical Svcs
US Air Forces in Europe ATTN: NIO-T

ATTN: USAFE/DEX ATTN: NIO, Strategic Sys
ATTN: USAFE/DOT ATTN: Ofc of Global Issues
ATTN: USAFE/INAT ATTN: R&D Sub Committee
ATTN: USAFE/XPX, Plns ATTN: Security Committee

ATTN: Tech Library
USAF School of Aerospace Medicine

ATTN: Radiation Sciences Div Federal Aviation Admin
ATTN: Dir of Civil Aviation Security

USAF Special Operations School
ATTN: Director Federal Bureau of Invest Academy

ATTN: Behavioral Rsch Unit
1st ACCS 2 cys ATTN: Library

ATTN: DOF
Federal Bureau of Investigation

2fid ACCS 3 cys ATTN: Terrorist Rsch & Analytical Ctr
ATTN: Doc

Federal Emergency Management Agency
3280th Tech Training Sq ATTN: Asst Assoc Dir for Rsch, J. Kerr

ATTN: T61CC ATTN: Civil Security Division
ATTN: G. Orrell, MP-CP

DEPARTMENT OF ENERGY ATTN: Ofc of Rsch/NP, D. Benson

-:..Department of Energy General Svcs Administration
-" Albuquerque Operations Office ATTN: PS

. ATTN: CTID
ATTN: D. Richmond House Perm Select Committ on Intell

ATTN: Staff Director
Department of Energy
Office of Nil Application, GTN Interpol, US Natl Central Bureau

ATTN: DMA, DP-22 ATTN: Chief

" epartment of Energy, GTN Metro Transit Police
ATTNt Ofc of Intelligence ATTN: Chief
ATTN: OMA, DP-22
ATTN: Safeguards & Security National Bureau of Standards
ATTN: Tech & Intell Dir ATTN: Law Enforcement

'University of California, Lawrence Livermore Natil Lab Dept of Cormnerce, Natl Bureau of Standards
ATTNz L-35 ATTN: Tech A219
ATTN: L-3B
ATTN: L-389 Natl Criminal Justice Reference Svc
ATIN: L-450, 4, flogan 2 cys ATTN: U. Galarraga
ATTN: Tech Info Dept Lib
ATTN: Z Division Library Select Coinlittee on Intelligence

ATTN: Staff Director
Los Alamos National Laloratory

ATTN: H/S634, T. Dowler Subcowittee on Sec & Terrorism
AYT..: HS P3 4, Reports Library ATTN: Chief Counsel, Staff Dir
ATTN; R. Sandoval

US Capitol Police
Sandta National Laboratories ATTN: Chief

AT N: Tech Lib, 3141
ATTN, 0333. R. Stratton US Coast Guard

..ATYTM: 0334, J. Struve ATTN: Port & EnvironWnt Safety

'OTHER GOVERNNY AGENCIES US Coast Gard Acadeiy
ATTN: Library

Bureau of A ,ohol, Tobacco & "irearms
.-ATTN: Chief Special Opns Div US Dept of' State

ATTI: A/SV/CCITAG
US Dept of State, Bureau of Politico Ni Affairs ATTW A/S/UASS

ATINt PHI/SIR AITI: A/SY/OPiT
ATIN: I'AIN/I,

C",o ttee on Ared S1rViceS ATTN! H/ED
AIT: Staff Di, & Chief Counsel 2 cys AINM; H/CYP

154



OTHER GOVERNMENT AGENCIES (Continued) DEPARTMENT OF DEFENSE CONTRACTORS (Continued)-.

US Nuclear Regulatory Commission Martin Marietta Corp
ATTN: Dir Div of Safeguards ATTN: F. Marion
ATTN: Ofc of Insp & Enforcement

Martin Marietta Denver Aerospace
US Park Police ATTN: J. Donathan

ATTN: Chief of Police
National Institute for Public Policy

DEPARTMENT OF DEFENSE CONTRACTORS ATTN: C. Gray

Advanced International Studies Institute Orion Research Inc
ATTN: M. Harvey ATTN: J. Scholz

Advanced Rsch & Applications Corp Pacific-Sierra Research Corp
ATTN: Doc Control ATTN: H. Brode, Chairman SAGE

2 cys ATTN: A. Glickman
Aerospace Corp 2 cys ATTN: B. Morgan, Jr

ATTN: Library 2 cys ATTN: P. Winne
2 cys ATTN: R. Moe

Analytical Assessments Corp
ATTN: A. Wagner Pacific-Sierra Research Corp

BDM Corp ATTN: D. Gormley
ATTN: C. Wasaff
ATTN: J. Bode R&D Associates
ATTN: J. Braddock ATTN: C. Lee
ATTN; J. Conant ATTN: C. Knowles
ATTN: R. Buchanan ATTN: D. SiCronsATTN: E. Carson

Boeing Co ATTN: F. Field
ATTN: MS-B5-20, D. Choate ATTN:. P. Haas
ATTN: MS-85-20, J. Russel 2 cys ATTN: Doc Control

Computer Sciences Corp R&D Associates
ATTN: F. Eisenbarti ATTN: A. Deverill

ATTN- J. Thompson

Data Memory Systems, Inc ATTN: K, Moran
ATTN. T. Oupuy ATTN W, Graham

Gruaian-CTEC, Inc Rand Corp
ATTN. S. Shriler ATTN, P. Davis

ATTN: V. Jackson
Horizons Technology, Inc 2 cys ATTN- Security & Subnation Conflict

ATTN: J. Palmer -Co• - Rand Corp ".

1tT Research Institute ATTN, U. Bennett
ATTN: Dec Litwar'y Rockwell Intertional Corp

Institute for Defense Analyss ATTU, J. Howe
ATTN: Classified Library
ATTN: J, Grote S-CUBED

-ANt K. Pyatt
tRT Corp

ATTN, W. Mackln SciencO Appitotlions Intl Corp
AtlNt Document Control

'JAYCOR AUTT E. Swick
ATTN- R. Sullivan AYTNt J, lroyster

Y N: J. Krtin
K&W A Scientes Coro ATYN, J, Wt'ne'ATTN: F.' Shel ton AtTM" N. Ov'ake

Kamn Scences Cop kieice Appl ications Intl Corp
ATTN: E. ConrMa ATTN' I, 00enrntt
ATTN- L. Oaugs ATIN: Docurint Contivl

ATN: J. Yowtor
ux~n Yernpm AtYN: J. Poers

ATINt DASIAC. Ariet J, Shannon
ATTN: L. Geuro

Koa T4teio ATN, H, Ftleber
ATTN-. MIAC ATYN, W. Layson

--- tnco Appi icatoun Intl Corp
ATTN. t. Koul
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DEPARTMENT OF DEFENSE CONTRACTORS (Continued) DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Science Applications, Inc Tetra Tech, Inc
ATTN: R. Craver ATTN: F. Bothwell

SRI International TRW Electronics & Defense Sector
ATTN: R. Tidwell ATTN: D. Scally

ATTN: N. Lipner
SRI International ATTN: R. Burnett

ATTN: C. Hulburt
TRW Electronics & Defense Sector

Systems Research & Applications Corp ATTN: P. Dai
ATTN: S. Greenstein
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